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ABSTRACT
Objective. We studied the prevalence 
and effect on disease activity of ever 
having had second-hand exposure to 
tobacco smoke in Swedish rheumatoid 
arthritis (RA) patients who had never 
smoked.
Methods. Between 1992 and 2005, 
2,800 patients were included in the 
BARFOT early-RA study in Swe-
den. Disease Activity Score 28 joints 
(DAS28), C-reactive protein (CRP), 
Health Assessment Questionnaire 
(HAQ), rheumatoid factor (RF), gen-
eral health and pain visual analogue 
scales (VAS), and drug treatment were 
registered at inclusion and at follow-
up at 3, 6, and 12 months and 2 and 
5 years. EULAR response criteria were 
applied at the same follow-up points. 
In 2010, a self-completion postal ques-
tionnaire was sent to 2,102 patients in 
the BARFOT study enquiring about life-
style habits such as whether they had 
ever been exposed to tobacco smoke as 
a result of someone else smoking. 
Results. A total of 963/1,421 patients 
(68%) had had second-hand expo-
sure to tobacco smoke. At 3, 6, and 12 
months, at 2 years, and at 5 years of 
follow-up, there were no differences in 
EULAR response between patients who 
had never smoked and who had been 
exposed or had not been exposed sec-
ond-hand to tobacco smoke (p=0.91, 
p=0.88, p=0.84, p=0.61 and p=0.85, 
respectively).
Conclusions. We did not find any asso-
ciation between second-hand exposure 
to tobacco smoke and disease activity 
in RA.

Introduction
Worldwide, second-hand exposure to 
tobacco smoke is a major public health 
problem, as 40% of children, 35% of 
women, and 33% of men are regularly 
exposed to tobacco smoke indoors as 
a result of someone else smoking and 
a total of 603,000 deaths were attrib-
uted to second-hand smoking in 2004 
(1). In Sweden, 15% of women and 
19% of men were regularly exposed 
to second-hand smoking in 2010, rep-
resenting 17% of the adult population 
(Swedish National Institute of Public 
Health). Smoking has been shown to 

cause rheumatoid arthritis (RA) (2) and 
to have a detrimental effect on therapy 
response in RA in some (3-5), but not 
all studies (6). We studied second-hand 
exposure to smoke and its effect on 
disease activity in a large multicenter 
longitudinal observational study of RA 
patients in southern Sweden.

Material
During the period 1992–2005, 2,800 
adult patients were enrolled in the BAR-
FOT (Better Anti-Rheumatic FarmacO-
Therapy) study, a multicentre longitudi-
nal observational study of patients with 
early RA in southern Sweden (7-9). All 
patients fulfilled the American College 
of Rheumatology RA classification cri-
teria from 1987 (10). Disease activity 
was evaluated at inclusion, at 3, 6, and 
12 months, and also at 2 and 5 years in 
this study. The number of swollen joints 
(28-joint count) (SJC), number of ten-
der joints (28-joint count) (TJC), C-re-
active protein (CRP), erythrocyte sedi-
mentation rate (ESR), the Swedish ver-
sion of the Stanford Health Assessment 
Questionnaire (HAQ) (11, 12), and 
visual analog scale (VAS) for pain and 
general health were measured on every 
follow-up occasion. The Disease Activ-
ity Score using 28-joint count (DAS28) 
was calculated at inclusion and at every 
follow-up occasion (www.das-score.
nl). Disease duration was calculated 
from the start of the symptoms.
EULAR (European League Against 
Rheumatism) response was calculat-
ed from the DAS28 scores (13). The 
DAS28 is a composite score consist-
ing of the number of swollen joints (of 
28), tender joints (of 28), ESR, and the 
patient’s global assessment (www.das-
score.nl). The patients were classified 
into three EULAR response groups: no 
response, moderate response, or good 
response. A EULAR good responder 
had to demonstrate an improvement of 
at least 1.2 units and achieve an absolute 
score of <3.2. A non-responder should 
show an improvement of <0.6, or >0.6 
and ≤1.2, and have a final DAS28 of 
>5.1. Moderate responses fall in-be-
tween. Treatment with DMARDs (dis-
ease-modifying anti-rheumatic drugs) 
and glucocorticoids was registered at 
inclusion and at each follow-up point. 
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Rheumatoid factor (RF) was analysed 
using the current laboratory methods in 
each participating hospital. Serum an-
tibodies to cyclic citrullinated peptide 
were analysed using the Immunoscan-
RA ELISA CCP2 test (Euro-Diagnos-
tica, Malmö, Sweden). A titer above 25 
units/ml was regarded as positive. The 
choice of DMARD treatment in the 
BARFOT study was left to the discre-
tion of the rheumatologist. 
Between March and September 2010, 
all patients who were still alive in the 
BARFOT study (n=2,102) received a 
self-completion postal questionnaire 
assessing lifestyle factors such as smok-
ing and second-hand smoke exposure. 
The questions assessing whether the pa-
tient had ever been exposed to second-
hand smoking were “Have you lived or 
spent time together with one or more 
persons who have smoked indoors on a 
daily basis?” and “At your workplace, 
have you been in rooms where people 
have smoked?” The socioeconomic sta-
tus was assessed as blue-collar worker, 
lower white-collar worker, upper white-
collar worker, self-employed, or other. 
All patients received written informa-
tion about the questionnaire in 2010 
and the ethical committee of Lund Uni-
versity approved the BARFOT study 
and the self-completion postal ques-
tionnaire in 2010.

Results
In total, 1,524 of 2,102 patients (73%) 
answered the self-completion postal 
questionnaire. Of these, 1,460 patients 
(96%) were >18 years of age and had 
disease duration of ≤24 months, and 
these patients were included in the study. 
Reliable smoking data as reported from 
the self-completion postal question-
naire in 2010 were available for 1,379 
of the 1,460 patients (94%). Five hun-
dred and fourteen (37%) of the patients 
were never-smokers, 634 (46%) were 
previous smokers, and 231 (17%) of the 
patients were current smokers in 2010. 
A total of 963 out of 1,421 patients 
(68%) had reliable data on exposition to 
second-hand smoking. Second-hand ex-
posure to tobacco smoke was gender-re-
lated: 66% of women had been exposed 
as compared to 72% of men (p=0.02). 
Second-hand exposure to smoke was 
also related to socioeconomic class: of 
the blue-collar workers, 71% were ex-
posed; of the lower white-collar workers, 
64% were exposed; of the upper white-
collar workers, 74% were exposed; of 
those who were self-employed, 31% 
were exposed; and of the others, 70% 
were exposed (overall p=0.0003). Ex-
posed patients were also older (mean 
66 years exposed vs. mean 62 years not 
exposed; p=0.0001). There was no cor-
relation between second-hand exposure 

to tobacco smoke and RF positivity 
(p=0.59) or immigrant status (p=0.10). 
We had anti-CCP antibody data on 388 
patients. Anti-CCP antibody status was 
not associated with second-hand expo-
sure to smoke (p=0.87). 

Never-smokers
Of the never-smokers, data on ever 
being exposed to second-hand smok-
ing were available for 501 of 514 pa-
tients (97%). Of these patients, 290 
of the 501 (58%) had been exposed to 
second-hand smoking. Baseline data 
stratified according to second-hand ex-
posure to smoke are shown in Table I. 
The patients who had never smoked 
but who had been exposed to second-
hand smoking were older. There were 
no differences in DMARD and gluco-
corticoid treatment at inclusion, strati-
fied according to exposure to second-
hand smoking, but patients exposed to 
second-hand smoking had significantly 
fewer ongoing DMARDs, as reported 
from the self-completion questionnaire 
in 2010 (ongoing DMARDs exposed 
0.76 vs. not exposed 0.94; p=0.003). 
After stratification according to second-
hand smoke exposure, there were no 
differences in the number of previous 
DMARDs used or current or previous 
use of biologics (data not shown).
There were no differences in EULAR 
response between the patients who had 
never smoked and who had or had not 
been exposed to second-hand smoking 
at 3, 6, 12 months, 2 years, or 5 years 
of follow-up (p=0.91, p=0.88, p=0.84, 
p=0.61 and p=0.85, respectively). We 
could we see no differences in the abso-
lute DAS28 values stratified according 
to smoke exposure second-hand, up to 
5 years of follow-up (data not shown). 
Anti-CCP status was available for 138 
never-smokers (62 were anti-CCP neg-
ative and 76 were anti-CCP positive). 
There were no differences in EULAR 
response in patients who had never 
smoked, stratified for anti-CCP status 
and second-hand exposure to smoke 
(data not shown). 

Discussion
In this large Swedish longitudinal ob-
servational RA patient study in which 
patients were included between 1992 

Table I. Baseline demographics and disease characteristics stratified according to second-
hand exposure to tobacco smoke in patients who had never smoked. The values are mean 
(SD) unless otherwise stated. 

Variable Never-smokers p-value 
 Second-hand smoking status
  n=501 
 Not exposed Exposed  
 n=211 n=290 

Women, % 83 79 0.33
Age  52 (16) 56 (15) 0.003
Disease duration, months 6.8 (4.0) 6.9 (4.0) 0.55
HAQ 0.96 (0.59) 0.97 (0.59) 0.76
DAS28 5.3 (1.2) 5.2 (1.3) 0.31
VAS pain, mm 46 (23) 45 (24) 0.73
VAS general health 44 (24) 45 (26) 0.47
Number of swollen joints (28) 11 (6.0) 10 (5.5) 0.62
Number of tender joints (28) 9 (7.0) 8 (6.4) 0.45
ESR, mm, median, interquartile range 27 (16–44) 26 (14–45) 0.72
CRP, mg/L, median, interquartile range 16 (9–34) 14 (8–37) 0.75
RF, % positive 56 58 0.60
DMARD, % 76 79 0.31
Glucocorticoids, % 37 37 0.96

HAQ: Health Assessment Questionnaire; DAS28: Disease Activity Scale (28 joints); VAS: visual ana-
logue scale; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor.
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and 2004, we found an alarmingly high 
prevalence of ever being exposed to 
second-hand smoking (68%). In the 
study, blue-collar workers and upper 
white-collar workers had high second-
hand exposure to tobacco smoke (71% 
and 74%, respectively). We could see 
no effect of second-hand exposure to 
smoke on disease activity in RA pa-
tients who had never smoked. Active 
smoking has been shown to cause RA 
in genetically and serologically predis-
posed patients (2) and to have a detri-
mental effect on RA as reported from 
this same cohort (3, 4) and in other 
studies (5), but not from all studies (6). 
The exact pathogenetic mechanism is 
at present unknown.
The Swedish Tobacco Act was intro-
duced in 1993 and amended in 1994, 
and it banned direct tobacco adver-
tising, concerned smoke-free public 
premises, and established regulations 
concerning health warnings and tar 
limits. Smoking in restaurants has since 
been banned in Sweden. The Swedish 
National Institute of Public Health has 
kept records of second-hand smoke 
exposure in the normal population in 
Sweden since 2004. Then, 27% of the 
population was exposed to second-hand 
smoking as compared to 15% in 2010. 
Exposure was related to lower socio-
economic class and lower education. A 
large study on 8,270 working individu-
als in Skåne, the southernmost part of 
Sweden, in 2000 showed that 30% of 
the individuals had second-hand expo-
sure to smoke, 33% of men and 27% of 
women, and that the exposure was re-
lated to lower socioeconomic class and 
young age (14). A large study assess-
ing second-hand exposure to smoke 
in 5,420 individuals from the normal 
population of Sweden in 1993 showed 
that the prevalence of second-hand ex-
posure to smoke ranged from 0.9% to 
26% in men and 0% to 30% in women, 
depending on occupation (15). We re-
port a high lifetime exposition to sec-
ond-hand smoke (68%) as compared to 
these cross-sectional studies. 

In this study, we were not able to assess 
whether the second-hand exposure to 
smoke was before or after the diagnosis 
of RA, or both, and we were unable to 
quantify the time of second-hand expo-
sure to tobacco smoke. Clearly, more 
studies on this are needed.
In conclusion, in this large study of 
Swedish RA patients included between 
1992 and 2005, having ever been ex-
posed to second-hand tobacco smoke 
was very prevalent (68%). We could 
not show any effect of second-hand ex-
posure to smoke on disease activity in 
RA patients who had never smoked. It 
is not known whether second-hand ex-
posure to tobacco smoke has a patho-
genetic role in RA, and further studies 
on this subject are needed. 

Acknowledgements
We thank Jan-Åke Nilsson for invalu-
able help with the statistical analyses. 
We are also grateful for the help pro-
vided by all our colleagues and staff at 
the hospitals contributing to the BAR-
FOT study, for their cooperation and 
provision of data.

Members of the BARFOT 
study group
Sofia Ajeganova, Maria Andersson, 
Valentina Bala, Stefan Bergman, 
Kristina Forslind, Ingiäld Hafström,
Catharina Keller, Ido Leden, 
Bengt Lindell, Ingemar Petersson,
Christoffer Schaufelberger, 
Björn Svensson, Maria Söderlin, 
Annika Teleman, Jan Theander, 
Anneli Östenson

References 
  1. OBERG M, JAAKKOLA MS, WOODWARD A, 

PERUGA A, PRUSS-USTUN A: Worldwide bur-
den of disease from exposure to second-hand 
smoke: a retrospective analysis of data from 
192 countries. Lancet 2011; 377: 139-46.

  2. KALLBERG H, PADYUKOV L, PLENGE RM et 
al.: Gene-gene and gene-environment inter-
actions involving HLA-DRB1, PTPN22, and 
smoking in two subsets of rheumatoid arthri-
tis. Am J Hum Genet 2007; 80: 867-75.

  3. SODERLIN MK, PETERSSON IF, BERGMAN S, 
SVENSSON B: Smoking at onset of rheuma-
toid arthritis (RA) and its effect on disease  

activity and functional status: experiences 
from BARFOT, a long-term observational 
study on early RA. Scand J Rheumatol 2011; 
40: 249-55.

  4. SODERLIN MK, BERGMAN S: Absent “Win-
dow of Opportunity” in smokers with short 
disease duration. Data from BARFOT, a 
multicenter study of early rheumatoid arthri-
tis. J Rheumatol 2011; 38: 2160-8.

  5. SAEVARSDOTTIR S, WEDREN S, SEDDIGHZA-
DEH M et al.: Patients with early rheumatoid 
arthritis who smoke are less likely to respond 
to treatment with methotrexate and tumor 
necrosis factor inhibitors: observations from 
the Epidemiological Investigation of Rheu-
matoid Arthritis and the Swedish Rheumatol-
ogy Register cohorts. Arthritis Rheum 2011; 
63: 26-36.

  6. NARANJO A, TOLOZA S, GUIMARAES DA 
SILVEIRA I et al.: Smokers and non smokers 
with rheumatoid arthritis have similar clinical 
status: data from the multinational QUEST-
RA database. Clin Exp Rheumatol 2010; 28: 
820-7.

  7. FORSLIND K, AHLMEN M, EBERHARDT K, 
HAFSTROM I, SVENSSON B: Prediction of 
radiological outcome in early rheumatoid 
arthritis in clinical practice: role of antibod-
ies to citrullinated peptides (anti-CCP). Ann 
Rheum Dis 2004; 63: 1090-5.

  8. FORSLIND K, HAFSTROM I, AHLMEN M, 
SVENSSON B: Sex: a major predictor of re-
mission in early rheumatoid arthritis? Ann 
Rheum Dis 2007; 66: 46-52.

  9. SVENSSON B, AHLMEN M, FORSLIND K: 
Treatment of early RA in clinical practice: a 
comparative study of two different DMARD/
corticosteroid options. Clin Exp Rheumatol 
2003; 21: 327-32.

10. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

11. EKDAHL C, EBERHARDT K, ANDERSSON SI, 
SVENSSON B: Assessing disability in patients 
with rheumatoid arthritis. Use of a Swedish 
version of the Stanford Health Assessment 
Questionnaire. Scand J Rheumatol 1988; 17: 
263-71.

12. FRIES JF, SPITZ P, KRAINES RG, HOLMAN 
HR: Measurement of patient outcome in ar-
thritis. Arthritis Rheum 1980; 23: 137-45.

13. VAN GESTEL AM, HAAGSMA CJ, VAN RIEL PL: 
Validation of rheumatoid arthritis improve-
ment criteria that include simplified joint 
counts. Arthritis Rheum 1998; 41: 1845-50.

14. MOUSSA K, LINDSTROM M, OSTERGREN PO: 
Socioeconomic and demographic differences 
in exposure to environmental tobacco smoke 
at work: the Scania Public Health Survey 
2000. Scand J Public Health 2004; 32: 194-
202.

15. KNUTSSON A, NILSSON T: Tobacco use and 
exposure to environmental tobacco smoke 
in relation to certain work characteristics. 
Scand J Soc Med 1998; 26: 183-9.


