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SUMMARY - The aim of this study was to investigate the association of smoking with disease
activity, seropositivity, age and gender in patients with rheumatoid arthritis. We included 89 rheuma-
toid arthritis patients. All patients fulfilled the 2010 American College of Rheumatology/European
League Against Rheumatism rheumatoid arthritis classification criteria. Activity of the disease was
measured by Disease Activity Score 28-joint count C-reactive protein (DAS28CRP). The subjects
were stratified into smoking and non-smoking groups and cross-sectionally analyzed. There were 24
(27%) smokers and 65 (73%) nonsmokers. The mean age of patients was 57.128.8 years. The mean
DAS28CRP was 5.81 in the smoking group and 5.57 in the non-smoking group, without statistically
significant difference between the two groups (p=0.148). Similarly, smokers did not differ signifi-
cantly from non-smokers according to age (p=0.443), gender (p=0.274), rheumatoid factor positivity
(p=0.231), anti-citrullinated protein antibody positivity (p=0.754) or seropositivity (p=0.163). In this
study, we found no association between smoking status and disease activity, seropositivity, age or gen-
der in rheumatoid arthritis patients. Furthermore, disease activity was not related to age, gender or
seropositivity. Additional studies on the effects of smoking on rheumatoid arthritis activity are needed.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune disease characterized by synovitis and
joint destruction. The etiology of RA is unknown. Ge-
netic and environmental factors are considered to play
an important role in the pathogenesis of the disease’.
Smoking has been identified as a significant environ-
mental risk factor for RA2.
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Tobacco consumption is a major public health
problem in Croatia. Croatia conducted several anti-
tobacco campaigns and programs in the past. Howev-
er, results reveal that current strategies are ineftective
in reducing the smoking prevalence, which has been
estimated to 27.4% in our country’.

Tobacco consumption affects the immune system
by producing an inflammatory response. It has been
observed that smoking leads to the increased activity
of B-cells and circulating polymorphonuclear cells,
and to the increased levels of pro-inflammatory cyto-
kines such as tumor necrosis factor alpha (TNF-o)
and interleukin 6 (IL-6)* Elevated levels of inflamma-
tory markers have also been detected in non-smokers

after short-term secondhand tobacco smoke exposure®.
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'The exact pathogenetic effect of smoking on RA is not
clear. Citrullination has been reported to be an impor-
tant factor for the development of RA in the anti-
citrullinated protein antibodies (ACPA)-positive pa-
tients'. It has been shown that subjects with HLA-
DRB1 who smoke have an increased risk of develop-
ing ACPA positive and severe RA®. The association of
RA with HLA-DRB104 and its alleles 0401, 0404,
0405 or 0408 (known as shared epitope) is well estab-
lished. Tobacco consumption is a significant risk factor
for developing RA in individuals with shared epit-
ope”®.

A meta-analysis of 16 studies estimated that the
risk of developing RA was almost 2 times higher for
male smokers and 1.3 times higher for female smokers
compared to non-smokers. The association was more
prominent for male rheumatoid factor (RF) positive
RA patients and for male heavy smokers, with sum-
mary odds ratios 3.91 and 2.31, respectively’. Another
study also showed that smoking increased the risk of
developing RA in men more than in women'. Ac-
cording to recent data, even light smoking is associated
with inflammatory response and RA development®™'.

The effects of tobacco exposure on disease activity
in RA patients are controversial. While some studies
report increased severity of RA in smokers'?*
nificant number of studies, in contrast, found no cor-
relation between smoking status and disease activity, as
assessed by composite indices 2. It is yet unclear
whether tobacco effects might be reversible with
smoking cessation. A recent study has reported that
smoking cessation did not appear to significantly in-
fluence disease activity over time?!. It is also unknown
whether smoking effects on the course or severity of
RA are limited to seropositive individuals.

, 4 sig-

The aim of this study was to evaluate the associa-
tion between smoking and disease activity in RA. We
also evaluated the association between smoking and
seropositivity (presence of RF or ACPA, or both), age
and gender, as well as the association between disease
activity, age, gender and seropositivity in our patients.

Patients and Methods

A total of 89 patients with RA were cross-section-
ally analyzed in Dubrava University Hospital during
2017. All patients fulfilled the 2010 American College
of Rheumatology/European League Against Rheu-
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matism (ACR/EULAR) RA classification criteria.
The patients were stratified according to the current
smoking status into two groups: smoking group (cur-
rent smokers) and non-smoking group (subjects who
had never smoked). Disease activity was measured by
the Disease Activity Score 28-joint count C-reactive
protein (DAS28CRP). All patients were using gluco-
corticoids and/or disease-modifying antirheumatic
drugs (DMARD:s). RF and ACPA were analyzed by
using current laboratory methods.

All procedures performed in this study were in ac-
cordance with the ethical standards of the institutional
Research Committee on Human Experimentation
and with the Declaration of Helsinki.

The normality of distribution of numerical vari-
ables was tested using the Kolmogorov-Smirnov test.
Normally distributed numerical variables were pre-
sented as mean = standard deviation (SD), and non-
normally distributed variables were presented as me-
dian and interquartile range (IQR). Categorical vari-
ables were presented as proportions. The T-test, Mann
Whitney U test, y2-test, McNemar test and Spearman
rank correlation were used where appropriate. The val-
ues of p<0.05 were considered to be statistically sig-
nificant. All statistical analyses were performed using
MedCalc Statistical Software version 17.2 (MedCalc
Software bvba, Ostend, Belgium).

Results

A total of 89 RA patients were included in the
study. There were 19 (21.3%) male and 70 (78.7%) fe-
male patients, mean age 57.1%8.8 years. The majority
of subjects were seropositive (87.5%), among which
79.3% RF and 80.3% ACPA positive. The mean DAS-
28CRP was 5.66. High disease activity (DAS28CRP
>5.1) was recorded in 81 (91%) subjects. Patient char-
acteristics are shown in Table 1, stratified according to
smoking status.

There were 24 (27%) smokers and 65 (73%) non-
smokers. The proportion of men and women who
smoked was 36.8% and 24.3%, respectively. The mean
DAS28CRP was 5.81 in the smoking group and 5.57
in the non-smoking group. No significant difference
was observed in DAS28CRP between smokers and
non-smokers (p=0.148) (Fig. 1). Similarly, smokers
did not differ significantly from non-smokers accord-
ing to age (p=0.443), gender (p=0.274), RF positivity
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Table 1. Patient characteristics stratified according to smoking status

Overall Smokers Non-smokers p value

Number of patients 89 24 (27%) 65 (73%) -
Age (years) 57.1+8.8 55.9+7.8 57.5+9.1 0.443
Gender:

male 19/89 (21.3%) 7/24 (29.2%) 12/65 (18.5%) 0.274

female 70/89 (78.7%) 17/24 (70.8%) 53/65 (81.5%)
DAS28CRP 5.71IQR (5.3-6.3) 5.8IQR (5.4-6.5) |5.6 IQR (5.2-6.1) 0.148
RF positive 69/87 (79.3%) 16/23 (69.6%) 53/64 (82.8%) 0.231
ACPA positive 61/76 (80.3%) 17/22 (77.3%) 44/54 (81.5%) 0.754
Seropositivity (RF or ACPA) 77/88 (87.5%) 19/24 (79.2%) 58/64 (90.6%) 0.163

The values of p<0.05 were considered to be statistically significant; DAS28CRP = Disease Activity Score 28-joint count C-reactive protein;
RF = rheumatoid factor; ACPA = anti-citrullinated protein antibodies
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Fig. 1. No statistically significant association between
smoking status and DAS28CRP in rheumatoid arthritis
patients.

(p=0.231), ACPA positivity (p=0.754) or seropositivity
in general (RF or ACPA positivity) (p=0.163).

The RF and ACPA positive patients were older
than seronegative patients (p=0.037 and p=0.048 for
RF and ACPA positive patients, respectively). As ex-
pected, RF and ACPA positivity overlapped (p<0.001).
We also observed that female gender was more fre-
quently associated with ACPA positivity, but this was
not statistically significant (p=0.087).

Finally, DAS28CRP did not correlate with any of
the evaluated parameters, i.e. age (p=0.184), gender
(p=0.572), smoking status (p=0.148), RF positivity
(p=0.492), ACPA positivity (p=0.749) and seroposi-
tivity in general (p=0.394).
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Discussion

While recent studies have implicated that smoking
is one of the most important extrinsic risk factors for
RA development, the role of tobacco exposure in RA
activity is still controversial. Some studies report in-
creased severity of RA in smokers'?'*.In a recent study,
current smoking status in ACPA positive patients was
associated with elevated levels of proinflammatory cy-
tokines and increased RA activity®’. On the other
hand, a significant number of studies found no correla-
tion between smoking status and disease activity as-
sessed by composite indices> .

Smoking is known to trigger HLA-DR-restricted
immune reactions to autoantigens modified by citrul-
lination®. Cigarette smokers have a higher risk of de-
veloping ACPA, and smoking has been shown to af-
fect the severity of RA in genetically susceptible pa-
tients with the HLA-DRB1 shared epitope’. In this
study, however, we found no significant difference in
ACPA and RF seropositivity between smokers and
non-smokers.

So far, to our knowledge, two longitudinal observa-
tional studies investigated the effect of smoking cessa-
tion on disease activity in RA. Neither study showed
improvement in RA severity after stopping smok-
ing'». Moreover, in the Swedish cohort of patients
with early RA, smoking cessation was negatively as-
sociated with EULAR good outcome at 8 years'. Lu
et al. revealed that current smoking was not associated
with DAS28CRP, but was associated with more func-
tional disability, as measured by the modified Health
Assessment Questionnaire (HAQ)Y. Furthermore, the
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effect of tobacco consumption on radiographic pro-
gression in RA is not clear. Ruiz-Esquide e# al. fol-
lowed a cohort of 156 early RA patients for 2 years and
concluded that smoking was independently associated
with radiographic progression'. Conversely, Vesperini
et al. showed among 641 subjects with RA that 1-year
radiographic progression was lower in current smokers
than nonsmokers. The authors also found significantly
lower baseline CRP levels and erythrocyte sedimenta-
tion rate (ESR) in current smokers than nonsmokers
and ex-smokers, despite the similar disease activity
and functional capacity across the groups'. Neverthe-
less, tobacco use seems to be a predictor of the devel-
opment of severe extra-articular manifestations in
RA?.

'The TNF-a inhibitors represent a major advance in
RA treatment and have considerably improved the
disease outcomes®. It has been demonstrated that pa-
tients with RA who smoked were less likely to respond
to TNF-a inhibitor therapy?*?. Furthermore, treat-
ment failure has been associated with the number of
pack years?*. Tobacco use has also been shown to nega-
tively affect treatment with methotrexate?. In the
study by Ramiro ez a/., smoking was a predictor of dis-
continuation of the first biologic drug®.

Patients with RA have an increased risk of cardio-
vascular morbidity and mortality compared to the
general population, resulting from accelerated athero-
genesis that has been linked to the extent of systemic
inflammation®. RA has been recognized as an inde-
pendent cardiovascular risk factor, the effect of which
is comparable to that of type 2 diabetes mellitus®. It is
therefore important in clinical practice to appropri-
ately address and manage other preventable risk fac-
tors for atherosclerosis in RA patients, and to imple-
ment the treat-to-target strategy to minimize systemic
inflammation.

In this study, we found no significant difference in
RA disease activity according to DAS28CRP between
smokers and non-smokers (Fig. 1). However, there was
a tendency to a more severe disease in cigarette smok-
ers. There was no association between tobacco con-
sumption and seropositivity (presence of REF or ACPA,
or both), age or gender in our patients either. There
were more cigarette smokers among seronegative RA
patients, but it was not statistically significant.

We found an association between seropositivity
and age in RA patients, i.e. the patients with seroposi-
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tive RA were older. There was a tendency for female
patients to have ACPA positive disease, although it
was not statistically significant.

'The main limitation of our study was that the ma-
jority of included subjects had a high disease activity,
so the results may not be generalized to the entire
population of RA patients. Our results need to be fur-
ther verified in larger studies, preferably with adjust-
ment for genetic analysis and cytokine response.

Conclusion

In our study, the role of tobacco exposure in RA
activity did not show significant difference between
the two groups, and the results were consistent with
other recent studies. The study included a small group
of patients from Dubrava University Hospital, there-
fore additional investigations on the topic should be
conducted in a larger group of patients.
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Sazetak

UTJECAJ PUSENJA NA AKTIVNOST BOLESTI
U BOLESNIKA S REUMATOIDNIM ARTRITISOM - NASA ISKUSTVA

A. Gudelj Gracanin, I. Markovié, M. Golob, M. Lucijanic, A. M. Valetici J. Morovic-Vergles

Cilj ovoga istraZivanja bio je ispitati povezanost pusenja s aktivno§éu bolesti, pozitivnim biokemijskim biljezima, dobi i
spolom kod bolesnika s reumatoidnim artritisom. U istrazivanju je sudjelovalo 89 ispitanika koji su bolovali od reumatoidnog
artritisa. Svi ispitanici su ispunjavali klasifikacijske kriterije za postavljanje dijagnoze reumatoidnog artritisa Americkog
reumatoloskog drustva i Europske reumatoloske udruge (engl. European League Against Rheumatism, EULAR). Aktivnost
bolesti mjerena je prema indeksu aktivnosti bolesti (engl. Disease Activity Score, DAS) koja se procjenjuje na 28 zglobova.
Ispitanici su podijeljeni u dvije skupine (pusaci i nepusaci) koje su presje¢no analizirane. U ispitivanju je sudjelovalo 24 (27%)
pusaca i 65 (73%) nepusaca. Srednja dob ispitanika bila je 57,1+8,8 godina. Srednje vrijednosti DAS28CRP u skupini pusa-
¢a iznosile su 5,81, a u skupini nepusaca 5,57, odnosno nije bilo statisticki znacajne razlike izmedu dviju skupina (p=0,148).
Takoder, skupina u kojoj su bili pusaci nije se znacajno razlikovala u parametrima dobi (p=0,443), spola (p=0,274), pozitivnog
reumatoidnog faktora (p=0,231), pozitivnih anti-citrulinskih protutijela (p=0,754) ili seropozitivnosti (p=0,163) od skupine
nepusaca. U ovom istrazivanju nismo pronasli povezanost izmedu pusenja i aktivnosti bolesti, seropozitivnosti, dobi i spola
kod bolesnika s reumatoidnim artritisom. Nadalje, aktivnost bolesti nije bila povezana s dobi, spolom i seropozitivno§éu.
Potrebna su daljnja istrazivanja utjecaja pusenja na aktivnost reumatoidnog artritisa.

Kljuéne rijeci: Pusenje; Reumatoidni artritis; Reumatoidni faktor
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