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Tobacco smoking and autoimmune 
rheumatic diseases
Michal Harel-Meir, Yaniv Sherer and Yehuda Shoenfeld*

INTRODUCTION
It is well established that autoimmune rheu-
matic diseases are multifactorial in etiology. 
According to current dogma, disease suscepti-
bility is determined by factors such as human 
leukocyte antigen (HLA), specific genes, sex, and 
so on, all of which contribute to the profile of an 
autoimmune-prone individual.1,2 Such suscepti-
bility might then develop into an actual auto-
immune response following exposure to different 
environmental factors, including infection, 
hormones, and UV radiation.1,2 Of these environ-
mental factors, tobacco smoking is of both great 
interest and intrigue. Smoking is known to affect 
many inflammatory and autoimmune diseases 
through various mechanisms, including immuno-
modulation and chemical exposure. This Review 
will examine the role of smoking as a modifier 
of autoimmune rheumatic diseases, including 
systemic lupus erythematosus (SLE), rheuma-
toid arthritis (RA) and other rheumatic diseases, 
and the potential mechanisms by which this 
influence might be exerted.

SYSTEMIC LUPUS ERYTHEMATOSUS
SLE is a rheumatic disease characterized by 
multi-system involvement in association with 
the production of autoantibodies.1,3 Like many 
other autoimmune and rheumatic diseases, 
the etiology of SLE is considered to be multi-
factorial. Among the many risk factors linked to 
the development of SLE are multiple environ-
mental triggers, including exposure to UV light,4 
lupus-inducing drugs (such as hydralazine, 
pro cainamide, phenytoin etc.),4 oral contra-
ceptives5 and various toxins.4 The role of ciga-
rette smoking as a lifestyle risk factor has been 
analyzed in several studies (Tables 1 and 2).

The effect of smoking on SLE incidence 
and autoantibody formation
The association of smoking with the incidence of 
SLE was investigated as part of the Black Women’s 
Health Study.6 In this prospective study of 64,000 
women, the SLE incidence rate ratio for current 
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and past smokers compared with nonsmokers 
was 1.6 (95% CI 0.8–3.3). The risk of developing 
SLE was increased in women who began smoking 
before the age of 19 years.

In a recent case–control study performed in 
the Kyushu and Hokkaido regions of Japan,7 
smoking was associated with an increased risk 
of SLE; however, the association was not statisti-
cally significant in Hokkaido after adjusting for 
alcohol drinking.

A retrospective study by Freemer et al.8 demon-
strated an association between smoking and 
the production of anti-double-stranded DNA 
(anti-dsDNA) antibodies in 410 patients with 
SLE. Multivariate analysis has shown there to be 
a significantly higher risk of anti-dsDNA sero-
positivity in current smokers than in those who 
have never smoked (never smokers) (odds ratio 
[OR] 4.0, 95% CI 1.6–10.4). Current smokers 
were more likely than former smokers to be anti-
dsDNA positive, which supports the possible link 
between recent exposure to cigarette smoke and 
formation of such antibodies.

Costenbader et al.9 have investigated smoking as 
a risk factor for the development of SLE by means 
of a meta-analysis that included nine studies 
from 1966 to 2002. The pooled OR estimate for 

the risk of SLE in current smokers versus never 
smokers was 1.5 (95% CI 1.09–2.08). No such 
significance was noted when comparing former 
smokers with never smokers.

Only one study to date has investigated the 
effect of smoking on SLE in animal models.10 
MRL-lpr/lpr mice were subjected to 100 mg total 
particle mass (TPM)/m3 or 250 mg TPM/m3 
of cigarette smoke, or exposed to air filtered 
through a high efficiency particulate air (HEPA) 
filter for a period of 4 weeks, before being tested 
for different autoantibodies. The appearance 
of IgG anti-chromatin antibodies was delayed 
in mice exposed to 250 mg TPM/m3 cigarette 
smoke, which resulted in lower levels of anti-
chromatin antibodies compared with the control 
group (P <0.04) approximately 8 weeks after 
the exposure period. Moreover, in contrast to 
controls, IgG anti-chromatin activity in mice 
exposed to 100 mg/m3 or 250 mg/m3 continued 
to increase over the subsequent 8 weeks, reaching 
levels 2–3-fold higher than those of the controls. 
These findings indicate that smoking might 
have caused humoral suppression for 8 weeks, 
after which a ‘rebound’ phenomenon occurred; 
a beneficial effect of smoking, and a destructive 
effect of its cessation, is, therefore, implied.10

Table 1 The effect of smoking on lupus incidence and autoantibody formation.

Results Sample size Study population Study design Author and study group

IRR for SLE in current and former smokers vs 
never smokers 1.6 (95% CI 0.8–3.3)

64,000 
women

African-American females Prospective study Formica et al. (2003)6; the 
Black Women’s Health Study

OR for SLE in current and former smokers vs 
never smokers 1.94 (95% CI 1.09–3.45)

78 cases and 
329 controls 
in Kyushu

Japanese women—SLE 
cases and healthy controls 
from Kyushu and Hokkaido

Two case–control 
studies

Washio et al. (2006)7; the 
KYSS Study

OR for SLE in current and former smokers vs 
never smokers 2.41 (95% CI 1.01–5.74)

35 cases and 
188 controls 
in Hokkaido

OR of anti-dsDNA seropositivity in current 
smokers vs never smokers 4.0 (95% CI 1.6–10.4)

410 patients White SLE patients Retrospective 
cohort study

Freemer et al. (2006)8

Pooled OR for SLE in current smokers vs never 
smokers 1.5 (95% CI 1.09–2.08)

9 studies Studies from 1966 to 2002 Meta-analysis Costenbader et al. (2004)9

Delayed appearance of IgG anti-chromatin 
antibodies in smoker group

24 mice MRL–lpr/lpr mice Animal model Rubin et al. (2005)10

Higher IgG anti-DNA levels in former smokers 
than in current and nonsmokers

119 patients Newly diagnosed SLE 
patients

Retrospective 
cohort study

82% of the patients were smokers 85 patients CLE patients Retrospective 
cohort study

Boeckler et al. (2005)11

OR for DLE in smokers vs nonsmokers 14.4 
(95% CI 6.2–33.8)

57 cases and 
215 controls

DLE patients and healthy 
controls

Case–control 
study

Miot et al. (2005)12

Abbreviations: CLE, cutaneous lupus erythematosus; DLE, discoid lupus erythematosus; ds-DNA, double-stranded DNA; IRR, incidence rate ratio; KYSS, Kyushu 
Sapporo SLE study; OR, odds ratio; SLE, systemic lupus erythematosus.
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This study is revolutionary in its findings, 
but has several limitations. First, although the 
MRL-lpr/lpr mouse is a useful model of SLE 
manifestations, its immunological complexity 
does not make it ideal for testing potentially 
immuno modulatory agents such as tobacco 
smoke. Second, the reliability of the significant 
differences presented in this study could be ques-
tioned, owing to the small number of subjects 
(eight mice in each group), half of which died 
during the study period.10 Also, although levels 
of anti-chromatin antibodies differed signifi-
cantly between the groups, no significant differ-
ences in other antibodies were seen.10 Finally, the 
dynamics of the anti-chromatin autoantibody 
levels in the short smoking period (4 weeks) was 
not significantly different between the groups,10 
making the comparison with continuously 
smoking SLE patients very difficult.

In the clinical analysis of the same study,10 SLE 
patients who were current smokers were shown 
to suffer from more pleuritis and peritonitis 
(P ≤0.03), and to express more neuro psychiatric 
symptoms and lupus-related headaches 
compared with the nonsmokers. No other 
symptomatic differences were detected between 
the groups. Former smokers were found to have 
significantly higher levels of IgG anti-DNA anti-
bodies compared with current and nonsmokers 
(P <0.01).10 These differences in antibody levels 
suggest that smoking has an immuno modulatory 
effect; however, no correlation with clinical 
disease has been demonstrated.

The effect of smoking on cutaneous 
manifestations of lupus
A few studies have demonstrated an association 
between smoking and cutaneous manifestations 
of lupus. In a retrospective study of 85 patients 
with cutaneous lupus erythematosus (CLE),11 
smoking was found to be an influential environ-
mental factor in disease development. A large 
proportion (58%) of these patients were male 
(compared with a 1:9 ratio of males to females in 
SLE); 82% were smokers. Also, 24 of 32 screened 
patients had a complement deficiency: 17 had 
a C4A deficiency, 5 had a C4B deficiency and 
2 had a combined C4A and C2 deficiency.11 It 
has been suggested, therefore, that complement 
deficiency creates a susceptibility to CLE that 
is consummated by exposure to smoking. In 
another case–control study of 57 cases and 215 
controls,12 cigarette smoking was shown to be 
associated with the development of discoid lupus 
erythematosus. The OR for smokers compared 
with nonsmokers was 14.4 (95% CI 6.2–33.8).12

The effect of smoking on the course of 
established CLE has also been investigated. As 
observed in a retrospective study by Rahman 
et al.,13 smoking decreases the efficacy of anti-
malarial therapy in patients with CLE. In a 
larger prospective study of 276 patients, Turchin 
et al.14 also demonstrated more active dermato-
logical manifestation among smoking SLE 
patients; however, neither study has confirmed 
a significant association between smoking and 
the SLE Disease Activity Index (SLEDAI).

Table 2 The effect of smoking on lupus disease outcome.

Results Sample size Study population Study design Author and study group

Decreased efficacy of antimalarial therapy among 
smokers; no significant difference in SLEDAI

36 patients Patients with acute DLE 
or subacute CLE receiving 
antimalarial therapy 

Retrospective 
cohort study

Rahman et al. (1998)13

Association of current smoking with active skin 
manifestation as measured by SLEDAI (LC 0.314, 
95% CI 0.118–0.511) but not with total lupus 
disease activity

276 patients SLE patients Prospective 
study

Turchin et al. (2006)14

Median time to ESRD among smokers was 
145 months vs 273 months among nonsmokers

160 patients Lupus nephritis patients Retrospective 
cohort study

Ward and Studenski 
(1992)15

Association of smoking with both venous and 
arterial thrombotic events; OR 2.777 (95% CI 
1.317–5.852)

442 patients Multiethnic SLE patients Prospective 
study

Ho et al. (2005)16; 
LUMINA study

Current smokers had higher SLEDAI scores 
(15.6 ± 7.8) than ex-smokers (9.63 ± 6.00) and never 
smokers (9.03 ± 5.75) (P <0.001)

111 patients SLE patients Retrospective 
cohort study

Ghaussy et al. (2003)17

Abbreviations: CLE, cutaneous lupus erythematosus; DLE, discoid lupus erythematosus; ESRD, end stage renal disease; LC, linear coefficient; LUMINA, Lupus 
in Minorities: Nature vs Nurture; OR, odds ratio; SLE, systemic lupus erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.
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The effect of smoking on noncutaneous 
manifestations of lupus
Smoking is recognized to be associated with other 
disease manifestations and worse outcomes in SLE 
patients: Ward and Studenski15 showed smoking 
to be significantly associated with the accelerated 
development of end-stage renal disease in a study 
of 160 SLE patients. In the Lupus in Minorities: 
Nature versus Nurture (LUMINA) cohort study,16 
a clear association of cigarette smoking with both 
venous and arterial thrombotic events was shown 
(OR 2.777, 95% CI 1.317–5.852). Moreover, in a 
cohort study of 111 patients,17 smoking was asso-
ciated with an increase in SLE activity as measured 
by the SLEDAI (P <0.001).

In summary, although not uniform in size, 
smoking period definitions or design, most 
studies show some association of smoking 
with both the development and progression 
of SLE. The effect of smoking is probably most 
profound on the cutaneous manifestations of 
SLE, which implies a specific pathogenic mecha-
nism that perhaps acts in synergy with other 
factors, such as UV light. It is clear that further 
carefully planned cohort studies are needed to 
investigate the association of SLE and smoking 
thoroughly, preferably complemented by specific 
animal model studies.

RHEUMATOID ARTHRITIS
RA is a common rheumatic disease that affects 
approximately 1% of the adult population.18 
It is characterized by chronic, destructive and 
debilitating arthritis, occasionally with systemic 
involvement.18 The pathogenesis of RA is not 
yet fully understood; however, it is believed to 
be multifactorial, with important contribu-
tions from multiple genetic and environmental 
factors.19 Over the past 20 years, cigarette 
smoking has emerged as a modifiable environ-
mental factor that affects both the development 
(Table 3) and course (Table 4) of RA.

Smoking and the incidence of RA
The first reported association between smoking 
and RA was made by Vessey and colleagues.20 
This study, conducted as part of the Oxford 
Family Planning Association contraceptive study, 
documented a marked increase in hospital refer-
rals for RA amongst smokers—an unexpected 
finding at that stage.

Two large prospective studies published in 
the early 1990s revealed a significant asso ciation 
between smoking and RA.21,22 In a study of 

50,000 subjects by Heliovaara et al.,21 smoking 
was associated with an increased incidence of 
rheumatoid factor (RF)-seropositive RA. Relative 
risks (RR) for former smokers and current 
smokers compared with nonsmokers were 2.6 
(95% CI 1.3–5.3) and 3.8 (95% CI 2.0–6.9), 
respectively. In the second large cohort study22 of 
121,700 female nurses, current smokers showed a 
slight apparent increase in the risk of developing 
RA (RR 1.3, 95% CI 0.9–2.1); among former 
smokers, the RR was 1.5 (95% CI 0.9–2.3).

Interestingly, in studies that included both 
female and male participants, the association of 
smoking with development of RA was observed 
in men but not in women.21 This asymmetric 
effect of smoking on men versus women has 
been demonstrated repeatedly in several case–
control studies; these studies have also empha-
sized the particular effect of smoking on the 
development of RF-seropositive (as opposed to 
RF-seronegative) RA.23–25

A retrospective study, conducted as part of the 
Women’s Health Cohort Study,26 has also demon-
strated a significantly increased risk of developing 
RA among current smokers but not among 
former smokers. In a separate analysis in the same 
study,26 the number of smoking years was more 
important than the number of cigarettes smoked 
per day with respect to the risk of RA.

The added risk of tobacco smoking seems to 
wane 10 years after cessation, as indicated by the 
Iowa Women’s Health Study.27 Compared with 
never smokers, current smokers and those who 
had quit 10 years or less before study entry were 
at an increased risk of RA (RR 2.0 and 1.8, respec-
tively). By contrast, women who had quit over 
10 years before baseline showed no increased 
risk. A prospective study by Costenbader et al.,28 
however, established the risk of RA to be 
increased even 20 years after stopping smoking, 
remaining small but significant (RR 1.4, 95% 
CI 1.02–1.91). In the same study,28 the length 
of the smoking period and number of cigarettes 
smoked per day, as well as the number of pack 
years (the number of cigarette packs smoked per 
day multiplied by the length of smoking period 
in years), were each found to be associated with 
an increased risk of RA in a significant dose-
dependent manner. As demonstrated before, the 
effect of smoking on the development of RA was 
evident mostly for RF-seropositive rather than 
RF-seronegative RA.

A Danish national case–control study showed 
similar results,29 while also finding smoking to 
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be selectively associated with an increased risk 
of developing anti-cyclic citrullinated peptide 
(anti-CCP)-positive RA (P for trend = 0.03).29 
This suggests that smokers might be at risk from 
a more severe form of the disease.

Smoking as a disease trigger in genetically 
susceptible individuals
Smoking as an environmental trigger of RA in 
combination with genetic susceptibility—mainly 
the shared epitope HLA-DRB1 genes—has been 

investigated in the past 3 years.30–32 Padyukov 
et al.30 assessed the risk of developing RF-
sero positive RA that was conferred by the inter-
action of smoking and the presence of the 
shared epitope genes. The RR was 2.8 (95% CI 
1.6–4.8) in never smokers with shared epitope 
genes, 2.4 (95% CI 1.3–4.6) in current smokers 
without shared epitope genes, and 7.5 (95% CI 
4.2–13.1) in current smokers with these genes.30 
Smokers carrying double shared epitope genes 
had an RR of developing RF-seropositive RA 

Table 3 Smoking and the risk of rheumatoid arthritis.

Results Sample size Study population Study 
design

Author and study 
group

RR for former and current smokers vs nonsmokers 2.6 and 
3.8 (95% CI 1.3–5.3 and 2.0–6.9), respectively. Association 
in men only

50,000 men 
and women

Finnish adults Prospective 
study

Heliovaara et al. 
(1993)21

RR of RA was 1.3 (95% CI 0.9–2.1) in current smokers and 
1.5 (95% CI 0.9–2.3) in former smokers

121,700 
women

Female nurses aged 
30–55 years

Prospective 
study

Hernandez Avila et al. 
(1990)22; the Nurses’ 
Health Study

Association of smoking and seropositive RA in men 
(OR 4.77, 95% CI 2.09–10.90). No increased risk in women

361 cases and 
5,851 controls

Norwegian RA cases 
and healthy controls

Case–control 
study

Uhlig et al. (1999)23

Association of smoking and seropositive RA in men 
(OR 2.0, 95% CI 1.2–3.2) but not in women

1,095 cases 
and 1,530 
controls

Finnish RA cases 
and healthy controls

Case–control 
study

Krishnan et al. (2003)24

Association of smoking with seropositive RA. OR 1.7 (95% 
CI 1.2–2.3) for women and 1.9 (95% CI 1.0–3.5) for men

679 cases and 
847 controls

RA patients and 
healthy controls

Case–control 
study

Stolt et al. (2003)25; 
EIRA study group

RR of RA in current smokers >25 cigarettes/day 1.32 
(95% CI 1.19–1.46)

377,481
women

Female health 
professionals

Retrospective 
cohort study

Karlson et al. (1999)26; 
the Women’s Health 
Cohort Study

Women who had quit >10 years before baseline were not 
at increased risk

31,336 women Women aged 55–
69 years

Prospective 
study

Criswell et al. (2002)27; 
the Iowa Women’s 
Health Study

Risk of RA increased linearly with increasing pack years 
(P for trend <0.01)

103,818 
women

Female nurses Prospective 
study

Costenbader et al. 
(2006)28; the Nurses’ 
Health Study

Smoking associated with risk of anti-CCP-positive RA. 
OR 1.65 (95% CI 1.03–2.64) for >20 pack years versus 
0 pack years

515 cases and 
769 controls

RA patients and 
healthy controls

Case–control 
study

Pedersen et al. 
(2006)29

Smoking and SE genotype interact in risk of RF-positive 
but not RF-negative RA. AP 0.4 (95% CI 0.2–0.7) for 
smoking and any SE, and 0.6 (95% CI 0.4–0.9) for smoking 
and a double SE

858 cases and 
1,048 controls

RA patients and 
healthy controls

Case–control 
study

Padyukov et al. 
(2004)30

Smoking and double SE genotype increased the risk of RA 
21-fold compared with nonsmokers carrying no SE genes

967 cases and 
1,357 controls

Recent-onset RA 
patients and healthy 
controls

Case–control 
study

Klareskog et al. 
(2006)31; EIRA Study 
Group

Smoking increases the risk of anti-CCP antibodies only in 
SE-positive RA patients: OR 1.07 for SE-negative smokers, 
OR 5.27 for SE-positive smokers

Total of 1,305 
patients

Incident cases of 
both undifferentiated 
arthritis and RA

Retrospective 
cohort study

Linn-Rasker et al. 
(2006)32

Association of smoking (OR 6.0, P = 0.004) with risk of RA, 
and significant gene–smoking interactions (smoking by SE 
P = 0.034; smoking by GSTM1 P = 0.047)

115 cases and 
466 controls

Incident RA cases 
and healthy controls

Case–control 
study

Criswell et al. (2006)33; 
the Iowa Women’s 
Health Study

Abbreviations: AP, attributable proportion; CCP, cyclic citrullinated peptide; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; 
GSTM1, polymorphisms at the glutathione S-transferase M1 locus; OR, odds ratio; RA, rheumatoid arthritis; RF, rheumatoid factor; RR, relative risk; SE, shared 
epitope of HLA-DR.
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of 15.7.30 Similar findings were presented in 
a study by Klareskog et al.,31 which showed a 
21-fold increased risk of RA among smokers 
who carried double copies of HLA-DR shared 
epitope genes.

Intriguingly, as determined in another 
study,32 this gene–environment interaction 
seems to be specific for patients with RA and 
was not observed in those with (persistent) 
un differentiated arthritis. Stratified analysis (in 
which the interaction was statistically tested 
separately for each antibody) for the different 
autoantibody responses (IgM RF and anti-CCP) 
showed that the interaction was primarily for 
the anti-CCP response rather than secondary to 
the overlap with IgM RF positivity.

Interestingly, in a stratified analysis of another 
study,33 exposure to tobacco smoke primarily 
increased the risk of RA in subjects who lacked 
genetic risk factors for the disease, although the 
nonstratified analysis of this study did confirm 
the interaction of genetics and smoking.

The effect of smoking on the course of RA
Several studies have shown smoking to be asso-
ciated with increased disease activity, and with 
specific disease manifestations. In a cohort study 
of 287 Greek patients,34 smokers showed disease 
symptoms at a younger age than nonsmokers. 
Additionally, at both the beginning and end points 
of the study, smoking patients presented more 
prominent features of articular involvement. In 
this study34 and in another case–control study35, 
an association was found between smoking and 
the presence of rheumatoid nodules.

Another prospective study of 100 patients 
with RA performed in Iceland36 uncovered 
an association between smoking and disease 
activity; however, no radiographic differences 
were noted between smoking and nonsmoking 
patients.

Smoking RA patients were also less likely to 
respond to anti-tumor necrosis factor (anti-
TNF) therapy, particularly infliximab.37 This 
difference in response might be linked to the 
finding that smoking RA patients have an 
increased ratio of TNF:soluble TNF receptor 
released by stimulated T cells, which might favor 
increased TNF activity.38

Among RA patients, the presence of carotid 
artery atherosclerosis, as assessed by intima–
media thickness measurements, was more 
prevalent among smokers compared with 
past and never smokers.39 Such an asso ciation 
was not exhibited among controls (non-RA 
patients),39 which implies an interaction 
between smoking and the inflammatory and 
autoimmune setting in RA that contributes to 
early atherosclerosis.

In summary, smoking seems to be asso ciated 
with an increased risk of RA. This effect has 
been shown to be more pronounced in male 
patients than in female patients, and in RF-
seropositive compared to RF-seronegative 
patients. Smoking interacts with genetic risk 
factors such as specific HLA-DR alleles, creating 
up to a 21-fold increased risk of disease. Finally, 
smoking has been demonstrated to be associated 
with increased disease activity and a decreased 
response to anti-TNF therapy.

Table 4 The effect of smoking on rheumatoid arthritis outcome.

Results Sample size Study population Study design Author and study group

Smokers displayed the disease at a 
younger age, had more prominent 
features of articular involvement, and 
more rheumatoid nodules

287 patients Greek patients with 
early RA

Prospective study Papadopoulos et al. (2005)34

Smoking associated with the presence 
of rheumatoid nodules (OR 7.3, 95% CI 
2.3–23.6)

112 cases and 
224 controls

Newly diagnosed RA; 
cases with and without 
rheumatoid nodules

Case–control study Nyhäll-Wåhlin et al. (2006)35; 
BARFOT study group

Smokers suffered from significantly more 
active disease. No influence of smoking 
on radiological progression

100 patients Early RA patients in 
Iceland

Prospective study Manfredsdottir et al. (2006)36

Lower response rate among current 
smokers, particularly in patients 
receiving infliximab (OR 0.77, 95% CI 
0.60–0.99)

2,879 patients RA patients treated with 
etanercept or infliximab 

Retrospective 
cohort study

Hyrich et al. (2006)37; British 
Society for Rheumatology 
Biologics Register

Abbreviations: BARFOT, Better Anti-Rheumatic FarmacOTherapy study group; OR, odds ratio; RA, rheumatoid arthritis.
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OTHER RHEUMATIC DISEASES
Systemic sclerosis is a generalized disorder 
character ized principally by skin thickening, 
vascular disease and immune dysfunction.40 
Although not associated with an increased risk 
of disease, smoking was found to worsen specific 
disease manifestations. A study published 
in 2002 indicated smoking to be associated 
with an increased risk of digital ischemia.40 
Current smokers were 3–4 times more likely 
than never smokers to require treatment for 
digital ischemia (e.g. admission for intravenous 
vasodilators, digital debridement or amputa-
tion). Digital ischemia was also related to the 
intensity of smoking, as measured by pack 
years. As there was no association between 
smoking habits and anti-centromere anti-
bodies, the mechanism is probably not related 
directly to a flare of systemic sclerosis itself but 
rather to an additional effect of smoking on the 
vascular pathology.

Antiphospholipid syndrome is a disorder of 
recurrent vascular thrombosis and pregnancy 
loss, and also includes a variety of abnormali-
ties of the skin, cardiac valves, central nervous 
system and other organ systems.1 A cross-
sectional study by Erkan et al.41 indicated that 
smoking is associated with arterial, but not 
venous, thrombotic events in patients with 
antiphospholipid syndrome, again implying a 
synergy between the ‘pure’ autoimmune and the 
atherosclerotic inflammatory processes.

MECHANISMS OF ACTION
As reviewed by Costenbader and Karlson in 
2006,42 smoking might contribute to auto-
immunity and rheumatic diseases through one or 
more of four groups of mechanisms (Figure 1).

First, smoking can cause tissue damage and 
increased apoptosis through the generation of free 
radicals, the release of metalloproteinases and the 
induction of Fas expression on lymphocytes.42 

Induction of tissue
damage and apoptosis

Exposure to
autoantigens

Induction of
autoantibodies

Modulation of cellular
and humoral immunity

Anti-estrogenic
effect

Alteration of
cytokine levels

Smoking

Inflammation and autoimmunity

■ Formation of free 
radicals

■ Release of 
metalloproteinases

■ Induction of Fas 
expression

■ Fibrinogen

■ CRP

■ ICAM-1

■ E-selectin

■ TNF:sTNFR ratio

■ T-cell abnormality

■ Natural killer cell 
activity

■ IgM, IgG

Figure 1 Mechanisms by which smoking contributes to autoimmunity. Cellular debris caused by 
tissue damage and increased apoptosis can contribute to autoantigen overload and the initiation of an 
autoimmune response. Smoking has been recognized to alter the levels of various cytokines, and is also 
known to have an anti-estrogenic effect. Finally, modulations in both cellular and humoral immunity might 
contribute to the induction of autoimmune processes. Abbreviations: CRP, C-reactive protein; ICAM-1, 
intercellular adhesion molecule 1; TNF, tumor necrosis factor; sTNFR, soluble TNF receptor. 

© 2007 Nature Publishing Group 

 



REVIEW

714  NATURE CLINICAL PRACTICE  RHEUMATOLOGY    HAREL-MEIR ET AL.   DECEMBER 2007  VOL 3  NO 12

www.nature.com/clinicalpractice/rheum

Impaired clearance of apoptotic cellular debris 
is considered a key event in the development of 
autoimmunity, as this debris can contribute to 
autoantigen overload and hence to the initiation 
of an autoimmune response.43

Second, smoking induces inflammation.42 
Smoking has been recognized to elevate fibrin-
ogen levels, induce leukocytosis, and elevate 
important markers of inflammation and auto-
immunity such as C-reactive protein, intercellular 
adhesion molecule-1 and E-selectin.

Third, smoking has an immunosuppressive 
effect;42 it induces abnormalities in T cells, 
reduces the activity of natural killer cells and 
decreases serum levels of IgM and IgG. These 
modulations in both cellular and humoral 
immunity might contribute to the induction of 
autoimmune processes.

Fourth, smoking is known to have an anti-
estrogenic effect.42 Although female sex is 
consider ed a risk factor for rheumatic diseases, 
estrogen has been demonstrated to have a bene-
ficial effect in diseases such as RA; symptoms of this 
disease improve in the majority of patients during 
pregnancy but are aggravated within 6 months 
postpartum.43 Furthermore, exogenous estro-
gens have been noted to have a beneficial effect on 
collagen-induced arthritis in mice.42 Through the 
modulation of hormonal balance, smoking might, 
therefore, enhance inflammatory processes.

Several mechanisms have been linked to the 
contribution of smoking to the development 
of specific autoimmune diseases. For example, 
reactive oxidative species produced from the 
metabolism of constituents of tobacco smoke 
modify DNA to form DNA adducts (DNA 
molecules changed by the chemicals in cigarette 
smoke).8 DNA damage in smokers might lead to 
anti-dsDNA autoantibody formation and might, 
therefore, have a role in the development of SLE. 
Indeed, a significantly higher risk of anti-dsDNA 
seropositivity in current smokers with SLE than 
in never smokers has been demonstrated.8

As mentioned previously, smoking has been 
shown to alter the TNF:soluble TNF receptor ratio 
in patients with RA.38 Since TNF is consider ed to 
be a central cytokine in RA inflammation, such 
an alteration might have a crucial role in the 
pathophysiology of smoking in RA.38

In summary, smoking alters patho physiological 
processes through many mechanisms, including 
toxic, immune-mediated and hormone-mediated 
pathways. Some auto immune rheumatic diseases 
are associated with specific pathophysiological 

mechanisms; however, just like the etiology of 
these diseases, exactly how smoking affects them 
is unknown.

SUMMARY AND CONCLUSIONS
Smoking is associated with both the incidence 
and course of autoimmune rheumatic diseases, 
namely RA20–39 and SLE.6–17 Smoking mostly 
worsens the dermatological features of SLE,11–14 
whereas it seems to cause a more active, possibly 
more aggressive, form of RA.34–36 Adding the 
increased risk of atherosclerosis39,44 and throm-
botic events,16 it is clear that these patients should 
be recommended to abstain from smoking.

The mechanisms by which smoking affects 
autoimmune rheumatic diseases, and auto-
immunity in general, are multiple and complex. 
The interaction of smoking (as an environmental 
factor) with genetic susceptibility further compli-
cates the understanding of these mechanisms. 
There is a need, therefore, for animal studies 
in which the effects of exposure to controlled 
amounts of smoke can be investigated, as well as 
parallel laboratory testing to fully appreciate the 
role of smoking in these diseases.

KEY POINTS
■ Smoking is associated with an increased risk 

of systemic lupus erythematosus and the 
formation of anti-dsDNA antibodies

■ Smoking is associated with an increased risk 
of cutaneous lupus manifestations

■ There is an increased risk of developing 
rheumatoid arthritis (RA), especially 
seropositive RA, associated with smoking; this 
risk is more profound in men than in women

■ Smoking synergizes with genetic factors such 
as shared HLA epitopes to create a profoundly 
increased risk of RA

■ Induction of apoptosis, alteration of cytokine 
and hormonal balance, immunogenesis of 
self-antigens, and an influence on lymphocyte 
function are all mechanisms through which 
smoking can induce autoimmunity
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