Arthritis Research & Therapy . éslt:.armpletr!psy

This Provisional PDF corresponds to the article as it appeared upon acceptance. Copyedited and
fully formatted PDF and full text (HTML) versions will be made available soon.

Cigarette smoking and smoking cessation in relation to risk of rheumatoid
arthritis in women

Arthritis Research & Therapy 2013, 15:R56 doi:10.1186/ar4218
Daniela Di Giuseppe (daniela.digiuseppe@ki.se)
Nicola Orsini (Nicola.orsini@ki.se)
Lars Alfredsson (lars.alfredsson@ki.se)

Johan Askling (johan.askling@ki.se)
Alicja Wolk (alicja.wolk@ki.se)

ISSN 1478-6354
Article type Research article
Submission date 21 November 2012
Acceptance date 12 March 2013
Publication date 22 April 2013

Article URL http://arthritis-research.com/content/15/2/R56

This peer-reviewed article can be downloaded, printed and distributed freely for any purposes (see
copyright notice below).

Articles in Arthritis Research & Therapy are listed in PubMed and archived at PubMed Central.
For information about publishing your research in Arthritis Research & Therapy go to

http://arthritis-research.com/authors/instructions/

© 2013 Di Giuseppe et al.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:daniela.digiuseppe@ki.se
mailto:Nicola.orsini@ki.se
mailto:lars.alfredsson@ki.se
mailto:johan.askling@ki.se
mailto:alicja.wolk@ki.se
http://arthritis-research.com/content/15/2/R56
http://arthritis-research.com/authors/instructions/
http://creativecommons.org/licenses/by/2.0

Cigarette smoking and smoking cessation in relation to risk oflreumatoid arthritis in

women

Daniela Di Giuseppe, Nicola Orsint, Lars Alfredssofy Johan Asklingand Alicja Wolk

Division of Nutritional Epidemiology, Institute of Environmental Medicine, Kimska
Institutet, Nobels vag 13, Stockholm, 171 77, Swe8Rivision of Cardiovascular
Epidemiology, Institute of Environmental Medicine, Karolinska Institutet, Nobed 13,
Stockholm, 171 77, SwedeiClinical Epidemiology Unit, Department of Medicine,

Rheumatology Unit d2:01, Karolinska University Hospital, Solna, 171 76, Sweden.

"Correspondence: daniela.digiuseppe@ki.se



Abstract

Introduction : Whereas the overall association between smoking and rheumatwidisar
(RA) must be regarded as established, considerably less is knownhaloutuch smoking
is needed to increase the risk of RA, that is, the effect okisig intensity, duration and

cessation.

Methods: The Swedish Mammography Cohort, including 34,101 women aged 54 to 89
years, was followed up from January 1, 2003 through December 31, 2010 (219 &8A cas
identified). Relative risks (RR) and their 95% confidence intervals (C@ estimated as rate

ratios using Cox proportional hazards model.

Results: There was a statistically significant association betw&anking intensity (RR
comparing 1 to 7 cigarettes/day vs never smoking 2.31 (95% CI: 1.59, as3&)¢ll as
duration of smoking (comparing 1 to 25 years vs never smoking RR = 1.60G95247,
2.38)) and risk of RA. Compared to never smokers, the risk wasgtillisantly elevated 15
years after smoking cessation (RR = 1.99 (95% CI: 1.23, 3.20)). Howenengaformer
smokers, the risk of RA seemed to be decreasing over time $opgeng smoking: women

who stopped smoking 15 years before the start of the follow-up hadd@@86 risk of RA
compared to those who stopped only a year before start of the follow-up (RR = 0.70 (95% ClI

0.24,2.02)).

Conclusions: This prospective study highlights that even light cigaretteokemy is
associated with increased risk of RA in women and that smokirgate@s may reduce,

though not remove, this risk.
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Introduction

A large number of case-control studies [1-15] and fewer cohort st{ithe21] have shown
that cigarette smoking is directly associated with thie afsdeveloping rheumatoid arthritis
(RA). Previous studies have mainly focused on establishing thigiasen and assessed
smoking status (current, former, and never smoker) [1,4,7,9,10,14-20] and paleiear
smoking [2,3,5,6,11-13,18,19], while less attention was given specifically émsity
[6,8,16,18,20,21] and/or duration of smoking [6,18,21]. Results on these aspects dfecigare
smoking have so far indicated that the risk of developing RA in@eaasa dose-response
manner with the intensity and the duration of smoking. From a publihhésttassessment
perspective, however, it is also important to understand how much smekiregeded to
increase the risk. Indeed, experimental data suggest that eveallaasnount of smoke
exposure may trigger an immune reaction leading to development of2RA&3] and

therefore, even light smoking is theoretically enough to induce RA.

Even less is known about the effect of smoking cessation on fuskeofiRA.
Indeed, only one case-control study [6] and two prospective cohort s{u@id®] have
evaluated the influence of smoking cessation on the risk of develogingtvse results

showed a decrease in risk 10 to 20 years after smoking cessation.

The aims of this study were therefore to further investigageen light smoking is
associated with increased risk of RA, and whether and to what exte@king cessation may
reduce the elevated risk of RA development among smokers. To this emadalyeed the
association between smoking (intensity, duration, pack-years) and gnoalssation and risk

of RA in a prospective population-based cohort study of 34,101 women aged 54 to 89 years.



Materials and methods

Study population

The Swedish Mammography Cohort is a prospective cohort study sk&bletween 1987
and 1990. All women born between 1914 and 1948 and residing in two Swedish counties
(Uppsala and Vastmanland) received a questionnaire on diet estyléf The response rate
was 74% (n = 66,651). In 1997 a second questionnaire was sent to wdinaivetiwvith
additional questions on smoking history, physical activity, use of soewdications, and
dietary supplements. The response rate was 70%. Of the 39,227 questiaecairesl, 243
(0.6%) were excluded due to incorrect or missing personal identficatmbers. For the
purpose of the present study, we excluded women with missing values on smokinfstatus
797) and women with non-RA joint conditions (n = 2,052, ICD-10 codes M0O7 to M12, M14,
M45, M46, M30 to M36). We also excluded women with a diagnosis of RA4B2, ICD-

10 codes M05 and MO06) or who died (1,602 women identified through the Swedigh Dea

Register) before the start of follow-up on 1 January 2003.

The final study cohort included 34,101 women aged 54 to 89 years at thefstart
follow-up on 1 January 2003. This study was approved by the Regionalrétegghics

Board at Karolinska Institutet, and all participants gave their informecotns

Assessment of smoking and covariates

We used data from the 1997 questionnaire as the baseline, since smoking informatioh wa
collected in the 1987 questionnaire. Women were asked about smoking atediesge
number of cigarettes smoked per day at different ages (15 to 20,3P]1 31 to 40, 41 to 50,
and 51 to 60 years of age, and in the present year), age ofgstamiking, and years since

stopping smoking. Based on the data collected, we calculated the eavauatper of



cigarettes smoked per day during the smoking period (intensity) and the ydeepefiod of
smoking (duration), for both former and current smokers. Lifetime exptswmoking was
estimated by multiplying the average number of cigarstiesked per day by the number of
years the person had smoked divided by 20 (pack-years). For smeksagion, the number

of years since quitting smoking and the age at smoking cessation weretedlcula

Intensity and duration were categorized according to tertildseadistributions, while
pack-years were categorized according to quartiles. Body imaes (BMI) was defined as

weight in kilograms divided by the square of height in meters @g/m
Identification of RA cases and follow-up of the cohort

Cases of RA were identified by linking the cohort to three Swedish regigseng the unique
Swedish personal identification number. The Outpatient RegisteR)®f the Swedish
National Board of Health and Welfare (NBHW) started in 2001adiect information on
outpatient visits including both public and private care-givers. ThedSlw Rheumatology
Register (SRR) is a web-based national surveillance syséetadsin the mid-nineties as part
of standard health care. The Inpatient Register (IPR) of BidW collects information on
hospitalizations with national coverage from 1987. Data from IPRus@d only to identify
prevalent cases at the start of follow-up. Based on chart revagpsoximately 90% of the
register-identified cases with RA fulfilled the Americaolli€ge of Rheumatology criteria

[24,25].

We analyzed the distribution of the annual number of newly diagnosed tieftpan
the OPR (Additional file 1) and we observed the presence of aimixtf prevalent and
incident cases during the first years of the OPR. We therdfieled to introduce a 2-year
lag period and delay the start of the follow-up to 1 January 2003 ollbe{fup period ended

on 31 December 2010. In sensitivity analyses, alternative lag periodsd3b-year) were



employed, and newly diagnosed RA cases identified during the follgvetipd through the

IPR were included (Additional file 1).

Statistical analysis

We used the Cox proportional hazard model to estimate the assodetween cigarette
smoking and RA in terms of relative risk (RR) as the haratel ratio and its 95% CI. All
RRs had age as the time scale [26,27]. Additional adjustment wadal@uential RA risk
factors such as menopausal status (pre- or postmenopausal), qatity2( or>3 children),
use of alcohol (never, former, current <2 drinks per week>2rdrinks per week),
educational level (lower than high school, high school, or university), aid(duartiles).
To disentangle an independent effect of both years since quittimgrszrand age at quitting
smoking from the lifelong accumulated amount of smoking, the RR asmwere
additionally adjusted for pack-years. Tests for trend were pertbusie@g the median value
of each category to create a single continuous variable. We ch#dgekeroportionality of
hazard over time using Schoenfeld’s residuals [28]. There was nmegidédeparture from
the proportionality assumption. The dose-response association betvegsrsipee quitting

smoking and RA was further evaluated using the restricted cubic spline ah2gjsi

A series of sensitivity analyses were performed to evaliegteconsistency of the
obtained results. First, we further delayed the start of the faljp\and we considered the
inclusion as incident cases of newly diagnosed RA patients identifimg hospitalization
data from the IPR (Additional file 1, part A). Second, we performpibbabilistic sensitivity
analysis, assuming that among newly diagnosed RA patients tbedd@20% prevalent RA
cases. We made two assumptions regarding the smoking behavicgvafept cases: no

change in behavior, and smoking cessation (Additional file 1, part B).



We used SAS (version 9.2) to perform all the analyses, exceibtefoestricted cubic
spline analysis, which was performed in Stata (version 1R-talues lower than 0.05 were

considered statistically significant.

Results

According to the main case definition 219 cases of RA wereifgehduring the 8-year
period of follow-up (254,996 person-years). Of these, 79 (36%) were neverrsméle
(27%) were former smokers and the remaining 80 (37%) cagescwaent smokers (Table
1). Former and current smokers were generally younger and wekendrimore alcohol
compared to never smokers. Intensity of smoking was similar amamgnt and former
smokers, while the duration of smoking was almost double among currekersnimean 39

+ SD 8.6 vs 22 + 12 years among former smokers).

Association between smoking and RA: intensity, duration, and pack-years

The age-adjusted RR of developing RA was 2.24 (95% CI 1.63, 3.07) among current smokers
compared with never smokers, and was little influenced by furtidgustanent for
menopausal status, parity, alcohol use, educational level, and BMivanable adjusted
RR = 2.20 (95% CI 1.58, 3.04)) (Table 2). Among former smokers the mulbleaadjusted

risk of developing RA was 68% higher (95% CI 19%, 138%) compared to never smokers.

Focusing on the intensity of cigarette smoking, measured easifthime average
number of cigarettes smoked per day, we estimated that thef ik was more than twice
the risk of never smokers, in both age- and multivariable-adjusted medels for women
with low intensity of smoking, that is, those who smoked 1 to 7 cigarper day. Regarding

the duration of cigarette smoking evaluated among ever smokers, ttiearrable risk for



those who smoked for longer than 25 years was twice that of neverrsmoke risk of
developing RA among women who had smoked 1 to 5 pack-years was al¥®adlyigher

than the risk for never smokers.

We then analyzed the combined effect of intensity and duratiorgafette smoking
(Table 3). Duration of smoking seemed to be a more important rishr fl@an smoking
intensity. Light smokers (1 to 10 cigarettes per day) who smokadday years (>30 years)

had a substantially elevated risk (RR = 2.54, 95% CI 1.76, 3.69).

Relative risk of RA following smoking cessation

The effect of smoking cessation on the risk of RA was evalumtsahg former smokers,
with attention to the number of years since quitting smoking and tadbeat smoking
cessation. There was a suggestion that the risk of RA was decreasilygavig since quitting
smoking, although the decrease was not statistically signififagure 1). Those who
stopped smoking 15 years before baseline in 1997 had 30% lower risk adrRfaied to
those who stopped only a year before, but the result was not sallfissignificant (RR =

0.70, 95% C1 0.24, 2.02).

However, compared to never smokers, the risk among those who stoppedgsmoki
more than 15 years before the start of follow-up was statlgtgignificantly higher (RR =
1.99, 95% CI 1.23, 3.20) (Table 4). The risk of RA remained significaiiyated among
those who stopped smoking at an early age: among those who stoppedhzetige of 41

years the risk was 2-fold the risk of never smokers.

Sensitivity analysis



Results from the sensitivity analyses performed usingddditional RA case definitions, as
well as results from the probabilistic sensitivity analysisrenconcordant with results from

the main analysis (Additional file 1, Table A and B).

Discussion

In this population-based prospective study we observed an incraskeaf RA for low
levels of intensity, duration and pack-years of cigarette smokimgre was a suggestion that
stopping smoking reduced the risk of RA over time among former smaKersever,
compared to never smokers, the risk was still significantlya¢édel even among those who
stopped smoking more than 15 years before the start of follow-up,smdmabng those who

stopped smoking before age 41 years.

Our results are in agreement with a meta-analysis of smakatgs [30], but some
previous prospective studies found no statistically significant st between smoking

and RA among current [16,20] and former [16,19,20] female smokers.

Previous studies have shown a dose response relationship between RAokimg) sm
intensity [6,18,21], duration [6,18,21] and pack-years [2,6,9,11,14], and with low levels of
smoking, which were not statistically significantly associatéth RA. Our results, showing
a statistically significant increased risk even for lighbkaers, are instead in agreement with
a previous case-control study of pack-years [5] and results froetr@spective study on
duration of smoking [21]. Moreover, our finding that smoking duration ha®agsr impact
on RA development compared to smoking intensity was in accordaricéheionly previous

study that evaluated those aspects of smoking in the same analysis [21].



Smoking cessation has been investigated in two prospective cohorts [a8¢18he
case-control study [6]. Our results, showing a statisticadjgifscantly increased risk even
more than 15 years after smoking cessation, are not in agreeitiettiese previous studies.
Criswell et al. [19] and Stoltet al. [6] reported that the risk remained significantly elevated
only for those who stopped smoking less than 10 years before bakatitiepse studies did
not take into consideration the possible confounding due to the pack-yeamsokihg.
Costenbadeet al. [18] showed that the risk was not statistically significany @mhong those
who stopped smoking more than 20 years before baseline. Those vesaltadjusted for
smoking intensity, while in the present study we preferred to adjust foryeack, in order to
take into account both duration and intensity of smoking. None of the preuiadiess

examined the association between the age at stopping smoking and risk of RA.

The biological role of smoking in the development of RA is still weaclelowever, it
is known that smoking has many effects on the immune system [31,3Pfrticular,
smoking is a trigger for an immune response against citrullireigbroteins, especially in
the presence dHLA-DR shared epitope genes [22,23], which in turn might cause arthritis
[4,5,33]. Our results support this biological explanation since eventebldow amount of
total smoking (1 to 5 pack-years) was associated with an almasiledoisk of RA.
Moreover, the triggering mechanism is also in line with our resudtthe lack of decrease in

risk after smoking cessation compared to never smoking.

The strength of this study is its prospective population-basedndesigihich the
ascertainment of exposure was independent of the ascertainmentaheuSelf-reported
smoking status was validated in previous papers against cotinsraglavels and found to

be accurate [34].



To identify newly diagnosed cases of RA during the follow-up penedused two
Swedish registers, while some previous studies [16,18,19,21] used selédepord
subsequently validated RA diagnosis. However, the use of registprises some attention,
since the date of first diagnosis in the register does not sla@yespond to the onset of
disease. The SRR, which has more accurate information on thefdatiset of the disease,
did not have complete coverage in the study area, and theref@e ftotvpossible to use it as
the only source of information on new RA cases. Additionally, data thenOPR was only
available from 2001. We decided to start the follow-up period two Yaisin 2003, since
we noticed an excess in the number of newly diagnosed RA patientsese years
(Additional file 1, Figure App-1). This phenomenon can be explained by #semre of
patients who appeared for the first time in the register lialvaady a previous diagnosis of
RA. Another possible source of data for newly diagnosed RA casbs IPR. However, we
considered newly diagnosed RA cases identified through hospi@iizzd prevalent cases,
and therefore we excluded them from the cohort, since RA is asdigkat usually does not
lead to hospitalization in the first stages. Since this assomptiuld be considered too strict,
we considered the inclusion of these cases in sensitivitysasa(Additional file 1, part A).

Results of the sensitivity analyses were consistent with observed regsbksmain analysis.

The gap between data collection and the start of follow-up could bedecgia
strength of this study. Since the onset of RA cannot usually bedeoedito concurring with
the diagnosis date, there is the possibility that people with egnhptoms of RA change
their habits, leading to differential misclassification. This ccadglain why the increased
risk among women in the higher category of intensity of smoking ovdyg borderline
statistically significant. However, an early assessmentmdgure and covariates in our study

6 years before the start of follow-up should help prevent this misclassification.



Among the limitations of this study, is the fact that we onlyehdata on women aged
54 to 89 years, and so we were unable to assess the risk of 64 amunger women and
men. Moreover, the number of individuals who quitted smoking was famnitet, leading to
problems of power in the estimates. Information about smoking habitsolasted only to a
single occasion (1997), whereas repeated measures during theetiadlcould have been
more appropriate to avoid possible non-differential misclassificatibrthe exposure.
Stratification by presence of rheumatoid factor was not possililes study due to lack of
complete information from the registers and limited statifiower. Furthermore, we had
not information about shared-epitope genes. It would have been of gexastinb perform
such stratified analyses since evidence is growing of degresk of RA related to cigarette

smoking when in interaction witHLA-DR shared-epitope genes [4,5,11].

Conclusions

In conclusion, our study indicated that even light smoking is assocwith increased risk of
RA for women. In extension to this, we showed that the risk of R&\deareasing over time
after smoking cessation, but compared to never smokers the riskstiVastatistically

significantly higher. The clearly increased risk of RA depehlent even among former

smokers is another reason to persuade women not to start smoking.

Abbreviations
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Figure 1 Relative risk estimation with 95% confidence interval for tle association
between rheumatoid arthritis (RA) and years since stopping smoking aomg former
smokers.Model was adjusted for age (continuous), menopausal status (pre- or
postmenopausaul), parity (0, 1, 2>& children), alcohol use (none, former, or current),
educational level (lower than high school, high school, or university), BMI (q@rdifel

pack-years of smoking (continuous among former smokers).



Table 1 Baseline characteristics by smoking status of 34,101 wonmkam the Swedish

Mammaography Cohort, 1997

Never smokers Former Current
smokers smokers
n = 18,424
(54%) n=7,817 (23%) n =7,806 (23%)

RA casesnumber 79 60 80
Age, years, mean (SD) 63.6 (9.2) 58.9 (8.2) 58.9 (8.2)
Body mass index, Kg/fmmean (SD) 25.2 (3.8) 25.2 (4) 24.4 (3.9)
Age of starting smoking, years, mean 19.5 (5.8) 20.2 (6.9)
(SD)
Age at stopping smoking, years, mean 41.4 (12.5)
(SD)
Postmenopausal, % 83.9 72.3 77
Post-secondary education, % 17.3 24.8 17.2
Nulliparous, % 10.2 8.6 8.5
Alcohol users, % 76.2 92.5 91.2

RA, rheumatoid arthritis.



Table 2 Relative risk of rheumatoid arthritis by smoking statts, intensity, duration and

pack-years of cigarette smoking among (ever smokers) in the Saieh Mammography

Cohort, 2003 to 2010

Age-
emd numbert relve %€ roatverse  95%C

risk
Smoking status
Never 137,162 79 1.00 (ref) 1.00 (ref)
Former 59,466 60 1.65 1.17,2.32 1.68 1.19, 2.38
Current 58,368 80 2.24 1.63, 3.07 2.20 1.58, 3.04
Intensity, cigarettes/day
Never 137,162 79 1.00 (ref) 1.00 (ref)
lto7 34,032 47 2.23 1.54, 3.21 231 1.59, 3.36
8to 14 32,010 45 2.23 1.54, 3.24 2.19 1.50, 3.21
>14 (median 18) 35,586 33 1.45 0.96, 2.20 1.46 0.96, 2.23
Duration, years
Never 137,162 79 1.00 (ref) 1.00 (ref)
1to 25 39,634 39 1.55 1.05, 2.30 1.60 1.07,2.38
251040 53,219 68 2.01 1.43, 2.83 1.99 1.40, 2.82
>40 (median 23,528 32 2.36 1.55, 3.58 2.33 1.52, 3.57
45)
Pack-years
Never 137,162 79 1.00 (ref) 1.00 (ref)
l1to5 27,534 28 1.67 1.08, 2.58 1.72 1.11, 2.67
6to 13 30,613 40 2.13 1.45, 3.13 2.19 1.48, 3.25
14 to 22 36,990 35 2.10 1.40, 3.14 2.04 1.35, 3.09
>22 (median 28) 27,628 31 1.81 1.19, 2.76 1.82 1.19, 2.79




!Numbers do not add up to the totals because of missing valfetane average among ever
smokers?Adjusted for age (continuous), menopause status (pre- or postmenopausal), parity
(0, 1, 2, or=3 children), alcohol use (none, former, or current), educational level (lower than
high school, high school, or university), and body mass index (quartiles). Intensitigrdura

and pack-years were not mutually adjusted [35]. Ref, reference group.



Table 3 Multivariable adjusted relative risk and 95% confidence interval for

rheumatoid arthritis by intensity and duration of cigarette smoking in the Swedish

Mammaography Cohort, 2003 to 2008

Intensity
Cases, Never Cases, 1to 10 Cases, >10
number number number
smokers Cigarettes/day Cigarettes/day

Duration
Never 79 1.00 (ref) - -
smokers
1 to 30 years - 38 1.96 (1.31,2.93) 11 1.12 (0.59, 2.14)
(median 17)
>30 years - 51 2.54 (1.76,3.69) 25 1.56 (0.98, 2.50)
(median 38)

Results are presented as relative risk (95% CI) adjusted for age (continuenspaonsal

status (pre-or postmenopausal), parity (0, 1, 23cchildren), alcohol use (none, former, or

current), educational level (lower than high school, high school, or university), and body

mass index (quartiles). Ref, reference group.



Table 4 Relative risk of rheumatoid arthritis among former snokers by years since quitting and age at quitting cigarettensoking in the

Swedish Mammography Cohort, 2003 to 2010

Person-years ngr?i)eesr’l Age-adjurfstﬁd relative 95% C| Multivarifilgil(e2 relative 95% C|
Never smokers 137,162 79 1.00 (ref) 1.00 (ref)
Years since quitting
1-14 23,297 20 1.45 0.88, 2.38 1.50 0.68, 3.30
>15 (median 24) 35,613 39 1.85 1.25,2.73 1.99 1.23,3.20
Age at quitting
<41 (median 32) 31,164 31 1.68 1.09, 2.59 1.94 1.18, 3.18
>41 (median 50) 27,747 28 1.70 1.11, 2.62 2.02 1.01, 4.07

! Numbers do not add up to the totals because of missing vaaissted for age (continuous), menopausal status (pre- or postmenopausal),

parity (0, 1, 2, or3 children), alcohol use(none, former, or current), educational level (lower tharchagi,sigh school, or university), body

mass index (quartiles), and pack-years of smoking (continuous among former sniRékngference group.



Additional files

Additional file1l

Title: Sensitivity analyses.

Description: A series of sensitivity analyses were perfortneelvaluate the consistency of
the reported results. In part A, different case definitions veergsidered. In part B, a
probabilistic sensitivity analysis was performed by excludpagsible prevalent cases

included in the study as incident cases.
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