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Abstract
Objective
To investigate the association of cigarette smoking with clinical expression, disease activity and severity in a cohort
of Greek patients with early rheumatoid arthritis (RA).

Methods
From January 1993 until December 2002, 293 patients with early RA were diagnosed and followed up in our
rheumatology clinic. All patients fulfilled the American College of Rheumatology criteria for RA, had disease dura-
tion of less than one year, without prior treatment of disease modifying anti-rheumatic drugs (DMARDs) or
steroids. The patients were treated with at least one DMARD, and 287 of them had a last follow up during the year
2004. The demographic, personal, clinical, laboratory, radiological and therapeutic features were compared at
entry and at the last follow-up, according to their smoking habits at entry.

Results
Among the 293 patients, 6 were lost to follow-up, thus 287 patients were evaluated. There were 200 females
(67.7%) and 87 males (30.3%). Eighty-two (28.6%) were current smokers, 21 (7.3%) ex-smokers and 184 (64.1%)
non-smokers at presentation. RA smoker patients displayed the disease at a younger age than the non-smokers.

Additionally, the smokers presented at disease onset more prominent features of articular involvement as was evalu-
ated by the higher number of total joint count with tenderness and swelling and by the higher disease activity for 28
Jjoint indices score (DAS-28). Smokers also presented a higher Larsen’s score and higher frequency of IgM and IgA
rheumatoid factors as compared to non-smokers. At the end of the study, the smoker patients presented more active

and severe disease as evaluated by the higher total number of tender and swelling joint count, the higher DAS-28,
and higher Larsen’s score as compared to non-smokers. Furthermore, the smokers more frequently had rheumatoid

nodules than the ex-smokers and non-smokers. The association of smoking with disease activity and severity was
independent of sex, age, educational level, alcohol consumption, and follow-up duration. Finally, no significant dif-

ferences were observed concerning the therapeutic procedure among the three groups.

Conclusions
In our early RA patients, cigarette smoking was associated with increased disease activity, and severity, indepen-
dently of several other possible confounders and despite the early disease treatment.
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Introduction

Cigarette smoking has been suggested
as a possible cause of rheumatoid arth-
ritis (RA) and other autoimmune dis-
eases (1-3). Several epidemiological
studies have provided strong indica-
tions that cigarette smoking is a risk
factor for developing RA particularly
in men (1, 2, 4-7). The impact of smok-
ing on disease activity, severity and
outcome remains uncertain, although
some recent studies suggest that smok-
ing habits may be related to RA severi-
ty (8-10). On the other hand, disease
severity may influence smoking habits,
which may lead to a false lack of asso-
ciation between smoking and disease
severity in cross sectional studies. Thus
a more accurate picture would be gain-
ed by studying the effect of smoking on
disease outcome among the patients
followed prospectively, with an ascer-
tainment of their smoking status close
to disease onset. It would also be inter-
esting to compare the effect of other
confounders and the response to dis-
ease modifying anti-rheumatic drugs
(DMARDSs) in smokers and non-smok-
ers, both of which may influence the
disease outcome. A number of psycho-
social and personal factors could act as
confounders when studying the associ-
ation of smoking with RA severity (11-
14). Thus, smokers are more likely to
be male and younger in age than non-
smokers. Some life style and socioeco-
nomic characteristics could also be
related to smoking, as well as to RA
severity. These factors include alcohol
consumption, education level, socioe-
conomic status, diet and others (11-14).
As a consequence, it is important to
study the possible association of smok-
ing with RA severity and outcome,
independently of those possible con-
founders.

In addition, most of the studies publish-
ed on this field were based on patients
with established RA, in whom the asso-
ciation of smoking with disease severi-
ty was assessed cross-sectionally (8-
10). Those studies are subject to sever-
al potential biases, such as misclassifi-
cation of exposure to smoking, or un-
der representation of very mild or very
severe disease. Therefore, it is impor-
tant to investigate this association in
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patients who presented with early RA.
Another important issue is related to
the fact that smokers are known to pre-
sent a higher frequency of positive rheu-
matoid factor (RF) than non-smokers.
As a consequence, differences in dis-
ease activity and severity observed be-
tween smoking and non-smoking pa-
tients, may be explained by this associ-
ation. Therefore, it would be of interest
to examine disease activity and severi-
ty separately for seropositive and sero-
negative patients.

In this report we investigate the associ-
ation of smoking with disease expres-
sion, activity and severity in a cohort of
patients with early RA with respect to
possible confounders, which could in-
fluence the association studied. In our
analysis we consider as main indicators
of disease severity and activity, the
DAS-28 score and Larsen’s score at
baseline, and DAS-28 score, Larsen’s
score and presence of rheumatoid nod-
ules at the last follow-up.

Materials and methods

From January 1993 until December
2002, 293 patients with early RA were
diagnosed and followed up in the out-
patient rheumatology clinic of the Uni-
versity Hospital of Ioannina. All pa-
tients fulfilled the American College of
Rheumatology criteria for RA at entry
(15), and had a disease duration of less
than one year without prior treatment
of DMARD:s or steroids. Patients were
treated with at least one DMARD, and
287 of them had a last follow-up during
the year 2004.

The demographic and personal para-
meters considered at baseline included:
age at the time of diagnosis, age at dis-
ease onset, gender, disease duration,
educational level, smoking habits and
alcohol consumption. Data on smoking
and alcohol consumption were collect-
ed through a standard questionnaire
applied to all patients in our clinic since
1992. Patients’ smoking habits were
evaluated at presentation. We consid-
ered as ex-smokers all patients who had
stopped smoking at least one year be-
fore the first examination. Information
about pack-years of smoking was col-
lected for current and ex-smokers.

The clinical, laboratory and radiologi-



cal features were compared at entry,
and at the last follow-up. The clinical
variables included the total joint count
for tenderness and swelling. To assess
disease activity, the disease activity for
28 joint indices score (DAS-28) was
calculated for each patient (16). The
following extra-articular manifesta-
tions were considered: anemia of chro-
nic disease (17), secondary Sjogren’s
syndrome (18), skin vasculitis, Ray-
naud’s phenomenon, subcutaneous no-
dules. No patients in our study cohort
had Felty’s syndrome.

Laboratory variables included: the ery-
throcyte sedimentation rate (ESR)
(Westergren method), C-reactive pro-
tein (CRP) (nephelometric method),
IgM RF (Latex agglutination test, posi-
tive if patients had titers >1/40) and
IgA RF determined by an enzyme
linked immunoabsorbent assay (posi-
tive if patient had > 20 IU).

The radiological findings were evaluat-
ed by the Larsen score method measur-
ing the radiological damage on hands
and wrists x-rays (19).

All data concerning the clinical, labora-
tory, therapeutic, demographic and per-
sonal characteristics have been extract-
ed from medical records of our Rheu-
matology clinic, by two specialized
rheumatologists, according to a precise
research protocol. All the above para-
meters were compared between smok-
ers, ex-smokers and never smokers, at
baseline and at the last follow-up.

Statistical analysis

Statistical comparisons among the
groups were conducted using the %2
test for categorical parameters, or an-
alysis of variance for continuous para-
meters. Logistic regression analysis
was conducted to examine the indepen-
dent association of smoking status with
disease activity and severity. The ana-
lysis was done adjusting for age, sex,
years of education, and alcohol con-
sumption at presentation, and adjusting
for age, sex, DAS-28 score at baseline,
Larsen’s score at baseline, RF IgM, RF
IgA and follow-up duration at the end
of the study. Smoking status at presen-
tation was classified as current smokers
and never smokers. Ex-smokers were
not included in the analysis because of
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the small number of patients in this
group. Smokers were also classified
according to number of pack-years into
three groups (0-9, 10-19, =20). Regres-
sion analysis was conducted using the
DAS-28 score and the Larsen score as
outcome measures, at presentation and
at the end of the study. These outcomes
were measured as continuous parame-
ters, and ordinal regression techniques
were used, by dividing these parame-
ters into three categories by tertiles. At
the end of the study, rheumatoid nod-
ules were also used as an outcome mea-
sure, and binary regression analysis
was conducted for this dichotomous
parameter.

Results

Among the 293 early RA patients, 6
were lost to follow-up, thus 287 pa-
tients were evaluated. No deaths were
noted during the study. There were 200
females (69.7%) and 87 males (30.3%).
Eighty-two (28.6%) were current smo-
kers at presentation, 21 (7.3%) were
ex-smokers and 184 (64.1%) were
never smokers. Current treatment con-
sisted of: 210 patients were on metho-
trexate (MTX) (12.5-20.0 mg/week)
plus prednisone (<7.5 mg/day); 32
patients were on MTX (12.5-15.0 mg/
week) plus cyclosporine A (2.5-3.0
mg/kgr/day) plus prednisone (<7.5 mg/
day); 30 patients were on leflunomide
(20mg/day) plus prednisone (<7.5 mg/

day). Finally, 15 patients were on MTX
(12.5-17.5 mg/ week) plus infliximab
(3 mg/kgr at week 0, 2, 6 and every 8
weeks thereafter).

Among current smokers, 12 smoked
less than 20 cigarettes per day, 60
smoked between 20-40 and 10 patients
smoked over 40 cigarettes per day. The
majority of current smokers was male
and seemed to develop RA at a younger
age. There were statistically significant
differences among current smokers,
never smokers and ex-smokers con-
cerning the level of education and alco-
hol consumption (Table I).

The clinical and laboratory parameters
at disease presentation and at the last
follow-up are presented for current
smokers, ex-smokers and never smok-
ers in Table II. All parameters studied
differ significantly among the three
groups, and current smokers present
more active and severe disease than ex-
smokers, and never smokers as evaluat-
ed by tender and swollen joint count,
DAS-28, CRP, ESR, Larsen’s score,
and seropositivity. In addition, the ex-
smokers presented higher levels than
the never smokers for all these parame-
ters. At the last follow-up the picture
was similar, with the exception of ESR,
which did not differ significantly be-
tween the groups.

Concerning the extra-articular manifes-
tations at presentation, the current smo-
kers presented more frequently rheu-

Table 1. Baseline demographic, personal and clinical data in relation to smoking status

among 287 patients with early RA.

Current smokers ~ Never smokers Ex-smokers
n=_82 n=184 n=21 p value
Age at disease onset (years)

(mean + SD) 52.0 (13.3) 56.6 (17.0) 59.6 (13.0) <0.05
Disease duration (months)

(mean = SD) 0.7 (0.4) 0.8 (0.3) 0.7 (0.3) NS*
Female/male 0.5 10.5 6 <0.001
Follow up duration 46.8 (37.9) 45.1 (33.6) 40.8 (30.0) NS
Level of education

< 6 years 23 (28.0) 95 (51.6) 7 (33.3)

= 6 years 59 (71.9) 89 (48.4) 14 (66.7) <0.05
Frequency of drinking

< 1 glass daily 50 (61.0) 176  (95.7) 17 (81.0)

= 1 glass daily 32 (39.0) 8 (4.3) 4 (19.0) <0.05

“Not statistically significant.
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Table II. Clinical and laboratory findings in patients with early RA at presentation and at

the last follow-up.

Current smokers Never smokers Ex-smokers

n=_82 n=184 n=21 p values
At presentation
Tender joint count (mean + SD) 17.09 (6.2) 9.38 (4.31) 12.05 (7.13) < 0.001
Swollen joint count (mean = SD)  12.13 (4.58) 6.10 (3.16) 7.38 (5.16) <0.001
DAS-28 (mean + SD) 6.82 (0.74) 542 (0.74) 5.97 (0.96) <0.001
ESR (mm/Ist hour) (mean + SD) 61.22 (25.37) 48.16 (26.87) 56.76 (32.42) <0.001
CRP (mg/l) (mean + SD) 43.23 (22.09) 26.46 (23.94) 38.57 (29.93) < 0.001
Larsen’s score (mean + SD) 23.63 (10.84) 13.06 (10.42) 14.33 (10.59) <0.001
IgM RF (%) 69 (84.1) 60 (32.6) 12 (57.1) <0.001
IgA RF (%) 70 (85.4) 34 (18.5) 6 (28.6) <0.001
Last follow up
Tender joint count (mean + SD) 479 (4.46) 2.94 (3.54) 3.71 (3.54) <0.001
Swollen joint count (mean = SD)  2.76 (2.77) 1.14 (1.99) 1.81 (2.58) <0.001
DAS-28 (mean + SD) 4.37 (1.13) 3.46 (1.13) 3.64 (1.41) <0.001
ESR (mm/Ist hour) (mean + SD) 37.61 (29.08) 32.10 (20.93)  29.38 (18.00) NS*
CRP (mg/l) (mean + SD) 24.6  (20.74) 10.34 (14.37)  14.57 (14.29) <0.001
Larsen’s score (mean + SD) 32.37 (18.96) 17.11 (12.50) 19.10 (11.23) < 0.001
“Not statistically significant.
Table III. Smoking and extraarticular manifestations in patients with early RA.
Extraarticular manifestations Current smokers ~ Never smokers Ex-smokers

n=2_82 n=184 n=21 p values
Rheumatoid nodules 33 (40.2) 9 4.9) 1 (4.8) <0.001
Anemia of chronic disease 29 (354) 72 (39.1) 8 (38.1) NS*
Raynaud’s phenomenon 11 (13.4) 26 (14.1) 2 (9.5) NS
Sjogren’s syndrome 9 (11) 29 (15.8) 0 0.09
Skin vasculitis 5 (6.1) 3 (1.6) 0 NS
Any manifestation 56 (68.3) 110 (59.8) 9 (42.9) 0.09

“Not statistically significant.

matoid nodules, than the ex- and never
smokers (Table III).

Logistic regression analysis adjusted
for sex, age, education level, and alco-
hol consumption, showed an indepen-
dent and statistically significant associ-
ation of current smoking with DAS-28
score and Larsen’s score at presenta-
tion. Patients presented with 20 or
more pack years of smoking showed
the strongest association (Table IV).
This association was observed in both
seropositive and seronegative patients
for DAS-28, but only for IgM seropos-
itive patients for Larsen score. There
was no independent association of al-
cohol consumption or educational level
with outcome measures. Thus, the re-
spective odds ratios are not shown.
Table V presents the results of regres-
sion analysis at the end of the study,
after adjustment for age, sex, follow up

duration, DAS-28 and Larsen’s score at
baseline and presence of rheumatoid
factor. No independent significant as-
sociation with smoking status was
observed.

Discussion

A significant number of studies have
suggested that smoking is a risk factor
in the susceptibility to RA (1, 2, 4-7).
However, there have been a few inves-
tigators who have provided evidence of
the impact of smoking on disease out-
come. Recent studies have suggested
that heavy smoking may influence
overall RA severity (8-10). Smoking is
known to have important effects on the
immune system and on the sex hor-
mones that may influence disease acti-
vity in RA. However, these effects are
complex and may differ under different
circumstances (1, 20).
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The results of previous studies investi-
gating the possible association between
smoking and articular disease in RA
are controversial. Studies carried out
among individuals without RA, as well
as among RA patients have shown that
smokers have an increased probability
to be RF positive. The association be-
tween smoking and joint inflammation
remains uncertain. Concerning the
extraarticular manifestations of the dis-
ease, previous studies suggest that
smokers are more likely to develop
rheumatoid nodules, as well as rheuma-
toid vasculitis and interstitial lung dis-
ease (9, 21).

Several confounding factors can be im-
plicated in the study of the role of
smoking in RA severity. Smokers are
more likely to be male or to belong to a
younger age group. On the other hand,
age and sex have been suggested to
influence the disease expression inde-
pendently (22, 23). This is also the case
for some socioeconomic factors and
lifestyle characteristics, which could be
related to smoking and also to RA
severity. Those factors include alcohol
consumption, diet, physical activity,
educational level, and social class (11-
14).

It has been suggested that the associa-
tion between smoking and RA severity
could be different in early RA than in
established disease. In established RA,
smoking could interact with immuno-
logic, hormonal, psychosocial, comor-
bid and therapeutic factors in a differ-
ent way compared to early disease,
having a significant influence on dis-
ease outcome. (21).

The results of the present study suggest
that cigarette smoking was associated
with disease activity and with higher
radiological damage, in a cohort of pa-
tients with early RA. This association
was independent of possible confound-
ers like gender, age, level of education,
and alcohol consumption. Our results
are similar to those reported by Saag,
Wolfe and Masdottir who noted that
smokers had higher levels of radiologi-
cal damage (8-10) and differ somewhat
from those of Harrison’s, who reported
a trend towards lower radiological
damage in long-standing smokers (21).
However, the studies published on this
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Table IV. Association of smoking status with clinical outcomes in 287 patients with early RA at presentation (adjusted for sex, age, educa-

tion, and alcohol consumption).

DAS-28 score OR (95% CI)

Larsen score OR (95% CI)

Smoking status RF IgM positive RF IgM negative All patients RF IgM positive RF IgM negative All patients

Never smokers 1 1 1 1 1

Current smokers 2.7 (1.6-3.8) 47 (2.9-6.4) 3.5 (2.6-44) 2.1 (1.1-3.1) 1.4 (0.1-2.7) 22 (1.5-3.0)
1-9 pack years 2.3 (1.0-3.6) 3.0 (1.34.7) 2.7 (1.7-3.7) 1.3 (0.1-2.5) 0.7 (0.1-2.6) 1.1 (0.3-2.0)
10-19 pack years 1.8 (0.5-3.1) 5.0 (2.5-7.5) 2.7 (1.6-3.7) 1.7 (0.5-2.9) 3.0 (1.1-5.0) 2.1 (1.1-3.1)
= 20 pack years 35 (2.1-49 4.8 (2.2-74) 40 (29-5.1) 2.7 (1.4-4.0) 0.9 (0.1-2.3) 2.5 (1.6-3.5)

DAS-28 score OR (95% CI) Larsen score OR (95% CI)

Smoking status RF IgA positive RF IgA negative All patients RF IgA positive RF IgA negative All patients

Never smokers 1 1 1 1 1

Current smokers 2.2 (1.0-3.5) 3.4 (1.9-49) 35 (2.6-4.4) 1.9 (0.7-3.1) 0.8 (0.1-2.0) 2.2 (1.5-3.0)
1-9 pack years 24 (0.8-3.9) 2.5 (1.1-3.9) 2.7 (1.7-3.7) 1.3 (0.1-2.7) 0.9 (0.1-2.1) 1.1 (0.3-2.0)
10-19 pack years 1.8 (0.4-3.2) 29 (0.8-4.9) 2.7 (1.6-3.7) 1.6 (0.3-2.9) 1.8 (0.1-3.6) 2.1 (1.1-3.1)
= 20 pack years 2.6 (1.1-4.1) 4.3 (1.5-7.0) 4.0 (2.9-5.1) 2.2 (0.8-3.6) 0.2 (0.1-2.1) 2.5 (1.6-3.5)

field present several methodological
differences, as concerning the data col-
lection, the parameters studied, the
selection of RA patients, and the statis-
tical analysis. As a consequence it is
difficult to interpret and compare the
available data.

The mechanism by which smoking
could influence RA activity and severi-
ty is unclear at present. However, smo-
king may have direct effects on the dis-
ease process by inducing and/or in-
creasing the production of RF or by
activating the immune system (20). In
fact, in population studies of individu-
als without RA, smoking was associat-
ed with RF production (24, 25). Simi-
larly, studies of RA patients have
shown that smokers are significantly
more likely to be RF positive (7-9).
This association appears strongest for
the IgA RF isotype (10, 26). On the
other hand, several studies have shown
that RF is the major predicting factor
for increasing the severity of radio-

graphic erosions in RA patients (27-
31). In our patients the frequency of RF
was significantly higher among smok-
ers, as expected. However, DAS-28
score was significantly associated with
smoking status for both seropositive
and seronegative patients at presenta-
tion. This finding could be related to
the fact that smoking is an important
contributor for immune dysfunction
with abnormalities in T-lymphocytes
(32), a reduction in natural killer cells
(33), and alterations in cell-mediated
immunity (34).

In this study we used data concerning
the clinical, laboratory, demographic
and personal characteristics which
have been extracted from medical re-
cords of our Rheumatology clinic. The
patients were seen according to their
need for visits in the clinic. For this
reason we analyzed data available only
at baseline and at the end of the study.
These methodological issues put some
limitations on the interpretation of our

Table V. Association of smoking status with clinical outcomes in 287 patients at last follow
up (adjusted for sex, age, DAS-28 at baseline, Larsen score at baseline, RF IgM, RF IgA,

and follow up duration).

DAS-28 score Larsen score Nodules
Smoking status OR (95% CI) OR (95% CI) OR (95% CI)
Never smokers 1 1 1
Current smokers 1.1 (0.2-1.9) 1.4 (0.3-2.4) 0.9 (0.4-1.9)
1-9 pack years 0.9 (0.2-1.8) 0.5 (0.1-1.6) 0.4 (0.6-2.0)
10-19 pack years 0.5 (0.1-1.5) 1.0 (0.2-2.3) 1.0 (0.2-4.9)
= 20 pack years 1.3 (0.3-2.3) 2.1 (0.8-3.4) 1.1 (0.2-6.1)
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results. However, all patients included
in the analysis had a last visit with a
complete examination during 2004,
considered as the last follow-up. Only
six patients were lost to this last follow-
up. In addition, all the patients attend-
ing our clinic had a relatively complete
examination following a standard pro-
tocol at presentation. As a conse-
quence, we consider that the data ex-
tracted from the medical records are
valid enough.

Another methodological issue is relat-
ed to the definition of the smoking sta-
tus, which is based on a questionnaire
administer to each patient. We do not
know to what extent this information is
exact. In addition, we do not have in-
formation about changes in smoking
habits during the follow-up period.
However, we consider that our ap-
proach to smoking habits gives a rela-
tively valid picture of the smoking sta-
tus for each patient up to presentation.
Our results suggest that in early RA
patients, cigarette smoking is associat-
ed with increased disease activity and
radiological damage, independently of
several possible confounders and
despite the early disease treatment. We
are keen to examine whether this asso-
ciation persists at longer follow-up
times in our cohort. Further prospective
studies in early RA are needed to con-
firm this association and more work is
needed on the influence of cigarette
smoking on the immune system.
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