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EXTENDED REPORT

Cigarette smoking, antiphospholipid antibodies and
vascular events in Systemic Lupus Erythematosus

Johanna T Gustafsson,' lva Gunnarsson,' Henrik Kallberg,? Susanne Pettersson, '
Agneta Zickert,®> Anna Vikerfors,® Sonia Méller," Johan Rénnelid,* Kerstin Elvin,”

Elisabet Svenungsson’

ABSTRACT

Objective Smoking can induce autoantibodies in
persons who are genetically predisposed to rheumatoid
arthritis. We investigated the association between
smoking and antiphospholipid antibodies (aPL) in
systemic lupus erythematosus (SLE), a question not
previously addressed. Further, we explored the
relationship between smoking, aPL and vascular events
(arterial and venous, VE).

Methods In this cross-sectional study, clinical
evaluation and questionnaire data were collected from
367 prevalent SLE patients. At the same time, we
measured aPL (anticardiolipin (aCL), anti-B, glycoprotein-
1 (aB,GP1) antibodies 1gG/IgM/IgA, and lupus
anticoagulant (LA)), and a large set of other SLE-
associated autoantibodies for comparison. Association
analyses using logistic regression models with smoking,
(ever, former and current with never as reference) and
antibody status as outcome variable were performed.

As a secondary outcome, we investigated the
associations between aPL, smoking and VE.

Results In multivariable-adjusted models ever, and in
particular former, cigarette smoking was associated with
the most pathogenic aPL; LA, aCL IgG and aB,GP1 IgG.
Other SLE-associated autoantibodies were not associated
with smoking. The combination of smoking and aPL was
strongly associated with VE. We noted a positive
interaction between smoking-LA and smoking-'triple aPL’
positivity for previous VE.

Conclusions We investigated a large set of commonly
occurring autoantibodies in SLE, but only aPL were
positively associated with a history of smoking. This
association was especially apparent in former smokers.
Among ever regular smokers who were aPL positive,

we observed a strikingly high frequency of former VE.
The underlying mechanisms and temporality between
smoking, aPL and VE need further investigations.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an auto-
immune inflammatory disease, which can affect
almost any organ in the body; most commonly
joints, skin, kidneys and blood elements. The origin
of SLE is unclear, but the autoimmunity of the
disease is characterised by a perturbed immune
response against self, including enhanced B-cell
activity, and production of autoantibodies with
diverse specificities. Genetic and environmental
factors influence the risk of SLE.! * Gender and

hormones are also important, given that 90% of
affected individuals are females.

Current smoking has been associated with
increased risk of SLE development,® and one study
reported an association with positivity for anti-
bodies to double-stranded DNA (anti-dsDNA) in
SLE patients.* Furthermore, smoking is a recog-
nised environmental risk factor for other auto-
immune conditions, including Sjégrens syndrome,’
inflammatory bowel disease® and rheumatoid arth-
ritis (RA). The association with smoking is particu-
larly convincing among RA patients who carry any
of a group of specific risk alleles in the
HLA-DRB1* region, collectively called the shared
epitope.” Despite these epidemiological observa-
tions, the biological pathways through which cigar-
ette smoking can induce autoimmune phenomena
are still not well understood.

The main targets of aPL are proteins bound to
anionic phospholipids.® These antigens are com-
monly located on endothelium and other cellular
membranes, that is, at sites where blood clots are
formed. In clinical practice, aPL are measured as
anticardiolipin (aCL) and anti-B, glycoprotein-1
(aB,GP1) antibodies together with the functional
lupus anticoagulant (LA) test. Persistent aPL posi-
tivity together with thrombotic vascular events,
pregnancy morbidity, or both, is the basis for diag-
nosing the antiphospholipid syndrome (APS).®
Pengo et al have demonstrated that persons who
are serologically ‘triple positive’, defined as simul-
taneous carriers of aCL IgG/M+apB, GP1 IgG/M
+LA, are at especially high risk of developing clin-
ical APS manifestations.’

Smoking and aPL are strong risk factors for
SLE-related vascular disease in prospective
studies.'® "' Based on this knowledge, and that
smoking in other settings may induce autoanti-
bodies, our primary hypothesis was that smoking
exposure is associated with aPL positivity in
patients with SLE. Detailed smoking history, aPL
and, for comparison, a set of other SLE-associated
autoantibodies were investigated in 367 well-
characterised SLE patients from a single centre. As
a secondary objective, we also investigated the rela-
tionship between aPL, smoking history and vascular
events.

METHODS
This study was conducted using a cross-sectional
design. All patients receiving care at the
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Department of Rheumatology, Karolinska University Hospital,
Solna, who fulfilled at least four of the 1982 revised American
College of Rheumatology (ACR) classification criteria'® of SLE
during the inclusion period 2004-2010 were consecutively
asked to participate. The local ethics committee of the
Karolinska University Hospital approved the study protocol. All
participants gave written informed consent.

At inclusion, patients were interviewed and examined by a
rheumatologist. Date of previous vascular events (VE) were
recorded at enrolment by self-report, and then objectively veri-
fied in the patients’ medical files. The following VEs were tabu-
lated: ischaemic cerebrovascular disease (ICVD, including stroke
and/or transitory ischaemic attacks (TTA)), ischaemic heart
disease (IHD, including myocardial infarction (MI) and/or
angina pectoris), ischaemic peripheral vascular disease (IPVD,
including intermittent claudication and/or peripheral arterial
thrombosis or embolus) and venous thromboembolism (VTE,
including deep vein thrombosis, and/or pulmonary embolism)
(see appendix A for objective definitions of events).

Blood samples were taken after overnight fasting, and labora-
tory examinations were performed blinded, either on fresh
blood samples or after storage at —70°C.

Determination of smoking status

Cigarette smoking at enrolment was classified multiple ways
including ever versus never and former/current/never regular
smokers based on patients’ response to the following question
in a questionnaire: ‘Have you ever smoked daily for at least
1 year?’ Subjects who reported never regularly smoking were
classified as never smokers. Those who reported smoking regu-
larly at enrolment were classified as smokers. Subjects who had
stopped smoking prior to inclusion were classified as former
smokers. Patients were also asked at what age they started and
stopped smoking, and how many cigarettes per day they esti-
mated that they had smoked per decade. Total number of cigar-
ettes was estimated by multiplying reported daily cigarettes
smoked with number of days smoked.

Laboratory methods

LA was determined using a modified Dilute Russel Viper Venom
Time method (dVRRT), (Biopool) using Bioclot LA. Antibodies
against aCL and aB,GP1 were analysed by two enzyme immune
assays. aCL IgG/IgM and aB,GP1 IgG were analysed by ELISA
(Orgentec, Mainz, Germany). aCL IgG was regarded positive if
>10 U/mL, aCL IgM if >7 U/mL, and ap,GP1 if >8 U/mL.

The multiplex immunoassays, BioPlex 2200 APLS IgG, IgM
and IgA (Bio-Rad Laboratories, Hercules, California, USA),
were used to test for aCL IgA and aB,GP1 IgM/IgA. The multi-
plex assays were regarded positive if >20 U/mL. All cut-off
levels corresponded to the 99th percentile of healthy blood
donors. When possible, aPL positivity was confirmed on two
occasions >12 weeks apart, according to the APS definiton by
Miyakis et al,® through studying medical files prospectively. The
specific ANA were analysed by BioPlex 2200 ANA screen
(Bio-Rad Laboratories) including antibodies to SS-A52kD/
SS-A60kD, RNP and dsDNA.

Separate analyses of IgM rheumatoid factor (RF) and anti-
bodies against cyclic citrullinated peptide V.2 (anti-CCP2) were
performed on a Phadia ImmunoCap 250 instrument according
to the manufacturer’s instructions. The reference range for IgM
RF was determined according to the 1987 RA classification cri-
teria,’® and coincided with the reference range suggested by the
manufacturer (5 [U/mL). The cut-off for anti-CCP2 was defined
as 7 U/mL as used in the Department of Clinical Immunology at

Uppsala University Hospital. Plasma electrophoresis was ana-
lysed on agarose gels.

Statistics

Patient characteristics were summarised by baseline smoking
status as medians and IQR for continuous variables and propor-
tions for categorical variables. For continuous variables, compar-
isons were made using ANOVA/t tests and Mann—-Whitney test
in the case of non-normal distributions. x> or Fischer’s exact
test was used to evaluate categorical variables, the latter when
any cell contained five or fewer observations.

Multivariable-adjusted logistic regression models estimated
ORs and 95% ClIs for the cross-sectional association between
smoking and antibody status. The final models were adjusted for
age at study inclusion, sex and age at disease onset. Never
smoking was used as the reference.

In current and former smokers, smoking dosage and duration
were tabulated by positivity for different aPL tests. Comparisons
with seronegative patients (for specific aPL and all aPL) were
performed with ANOVA/Mann-Whitney test, as needed.

To assess possible effect modification by sex, we evaluated
females separately. Due to the small sample size, we did not
examine males in this subanalysis. To investigate the possibility
of reverse causation driving the associations between former
smoking and aPL, that is, patients stopped smoking after a VE,
we also performed stratified analysis by previous VE. Finally,
we excluded patients who stopped smoking at the time of or
after their VE in a sensitivity analysis, thus only evaluating
those patients who reported stopping smoking before the first
event.

With never smokers and aPL negatives as reference, the differ-
ent combinations of smoking history and aPL occurrence were
evaluated with respect to history of VE, through x> analysis or
Fischer’s exact test. We estimated potential interaction between
ever smoking and presence of aPL. Interaction between ever
smoking and aPL for the risk of events was evaluated using
departure from additivity of effects as the criterion of inter-
action, as suggested by Rothman et al.'* The attributable pro-
portion (AP) due to interaction was calculated together with
the 95% CI.'> The AP reflects the joint effect of interacting
risk factors that is beyond the sum of their independent
effects.

Statistical analyses were performed using JMP software (SAS
institute, North Carolina, USA) and Statistical Analysis System
(SAS), V9. A p <0.05 was considered statistically significant.

RESULTS

Clinical characteristics and aPL occurrence in relation to
smoking status

Patients numbering 367 were included; 86% were women.
Most patients (90%) were European Caucasians. 118 patients
were aPL positive at inclusion. Persistent positivity could be con-
firmed in 93 patients. In 25 patients, there was no additional
aPL testing performed after inclusion. Initially, we compared
ever versus never smokers, and noted that ever smokers were
more likely to be positive for aCL IgG, aB,GP1 IgG and LA.
Ever smokers were then split into former and current smokers
(table 1).

Former and current smokers were more likely to have a
history of arterial events than never smokers (table 1). For aCL
IgG, aB,GP1 IgG, LA and triple aPL positivity, former smokers
were most likely to be positive. Current smokers were more
likely to be aB,GP1 IgM positive. aCL IgM positivity was also
more common among current smokers, although not statistically
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Table 1 Characteristics of 367 patients stratified by smoking exposure at enrolment

Regular cigarette smoking at enrollment

Never (n=171) Ever (n=196) Former (n=127) Current (n=69) p Value*
Age at enrolment 40 (33-56) 51 (37-59) 52 (39-61) 47 (34-57) 0.002
Age at SLE onset 27 (21-39) 31 (23-44) 33 (25-45) 27 (18-39) 0.005
Disease duration, yrs 12 (5-22) 12 (6-23) 11 (5-23) 14 (7-26) 0.25
Number of SLE criteria (at baseline) 6 (5-7) 6 (5-7) 6 (5-7) 6 (5-7) 0.75
Gender (male) % 12.2 15.8 14.2 17.3 0.58
Smoking variables
Age at start - 17 (15-20) 17 (15-20) 15 (16-20) 0.61
Age at cessation - - 34 (26-45) - -
Smoking duration - 18 (10-23) 15 (9-30) 28 (17-39) <0.0001
Years since cessation - - 12 (4-23) - -
Total cigarettes (x10%) - 85 (32-167) 73 (26-130) 139 (55-190) 0.0004
Antiphospholipid antibodies (aPL) positivity %
aCL IgG 1.1 214 25.9 14.5 0.003
aClL IgM 12.2 15.8 13.3 21.7 0.15
aClL IgA 12.3 18.0 16.8 21.7 0.18
aB,GP1 1gG 9.9 17.9 22.8 13.0 0.01
aB,GP1 IgA 1.1 18.0 18.4 18.8 0.14
ap,GP1 IgM 7.0 8.2 438 14.4 0.05
Lupus anticoagulant 10.0 23.6 26.2 18.8 0.001
Triple positivityt 4.6 14.3 16.5 11.6 0.003
Any aPL# 25.6 39.0 411 348 0.03
Antiphospholipid syndrome§ 3.5 1.1 11.0 1.5 0.005
Other autoantibodies
anti-dsDNA 50.1 534 52.3 543 0.96
anti-SSA Ro52/60 443 421 44.1 403 0.63
anti-RNP 22.2 244 24.2 234 0.87
RF IgMq] 214 27.4 28.2 25.0 0.45
anti-CCPY| 2.0 2.2 41 0.0 0.17
Plasma immunoglobulins (g/L)
IgA 2.8 (2.1-3.8) 2.9 (2.1-4.0) 2.8 (1.9-3.9) 3.0 (2.2-4.3) 0.54
19G 13.1 (10.7-16.8) 12.4 (9.7-16.3) 12.4 (9.7-16.4) 12.2 (9.7-16.6) 0.73
IgM 0.9 (0.5-1.4) 0.9 (0.6-1.4) 0.9 (0.5-1.4) 0.9 (0.6-1.4) 0.85
Reported history of vascular disease at enrolment* %
Ischaemic cerebrovascular disease 7.1 10.8 9.4 13.0 0.34
Angina pectoris 0.5 7.7 8.7 6.0 0.003
Myocardial infarction 29 6.1 6.3 6.0 0.33
Ischaemic heart disease 2.9 83 8.7 7.5 0.09
Ischaemic peripheral vascular disease 0.0 3.1 3.9 1.4 0.03
Any arterial event 9.3 18.9 18.9 18.8 0.04
Venous thromboembolism 12.9 17.1 18.1 13.0 0.41
Venous/arterial event 20.5 31.6 32.2 29.0 0.06
Lupus manifestations (ever) %
Photosensitivity 59.0 70.9 68.5 75.3 0.04
Discoid lesions 17.5 20.9 18.9 23.1 0.60
Malar rash 51.9 53.6 49.6 58.0 0.51
Pleuritis 36.2 37.8 331 46.7 0.18
Pericarditis 14.6 20.9 19.7 23.2 0.24
Oral ulcers 35.1 33.2 31.2 35.4 0.27
Nephritis 433 423 40.1 46.2 0.69
Arthritis 85.2 79.6 78.0 813 033
Neurological disorder 1.1 10.2 13.3 43 0.14
Leucopenia 49.7 46.2 55.1 30.9 0.005
Lymphopenia 53.2 48.0 55.9 333 0.006
Thrombocytopenia 233 18.9 19.7 18.8 0.63
Continued
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Table 1 Continued
Regular cigarette smoking at enrollment
Never (n=171) Ever (n=196) Former (n=127) Current (n=69) p Value*
SLICC damage index >1tt 51.5 65.1 67.7 61.8 0.02
SLAM>6++ 51.8 61.0 59.1 64.7 0.15
Medications %
Warfarin 11.7 18.9 211 13.0 0.09

Data are expressed as medians and IQR for continuous variables and proportions for categorical variables.

*Comparison; between never, former, current, overall p value.
tPositive aCLIgG/M-+aB, GP1 IgG/M+LAC, according to Pengo et al.'®
+Any of aCLIgG/M/A, aB, GP1 IgG/M/A or LAC.

§Strictly according to definitions of APS by Miyakis et al.'*
YlAvailable in 327 patients.

**Definitions: see methods section.

ttGladman et al.'®

+$liang et al."’

aCL, anticardiolipin antibodies, ap,GP1, anti-B, glycoprotein-1, anti-dsDNA, antidouble-stranded DNA, anti-SSA, anti-Sjogrens Syndrome A, anti-RNP, antiribonucleoprotein, RF,

Rheumatoid Factor, anti-CCP, anti-cyclic citrullinated peptide.

significant (table 1, figure 1). The other investigated autoanti-
bodies, as well as total immunoglobulin levels (IgA, G and M),
did not differ between smoking groups. We found no associ-
ation between aPL status and additional smoking characteristics,
such as age at smoking start, smoking duration, total amount of
cigarettes and time since cessation for former smokers (data not
shown).

In multivariable-adjusted models, ever regular smoking was
associated with aCL IgG, aB,GP1 IgG, LA and triple aPL posi-
tivity, as defined by Pengo et al’ (data not shown). However, we
noted that these associations were driven by the former regular
smoking group (table 2).

Stratified analysis

Among women (n=316, 86%), results were similar to the full
cohort, with the exception of the addition of a significant asso-
ciation between current smoking and LA (table 3).

Among patients with a history of VEs at enrolment (n=96,
26%), the association between former smoking and aPL
remained. Additionally, former smoking was associated with
aCL IgA and aB,GP1 IgA. Among patients without history of
VEs (n=312, 84%), current smoking was significantly associated
with aCL IgM, aB,GP1 IgM and triple positivity (table 3).

After excluding patients who stopped smoking at or after
(potentially due to) a VE (n=18); the associations between
former smoking and aCL IgG, aB,GP1 IgG and LA remained
statistically significant, although slightly attenuated (table 3).

30

p=0.001 p=0.003

ONever

BFormer

% positive

® Current

Figure 1 Antiphospholipid antibody (aPL) isotypes and occurrences in
relation to smoking status. For abbreviations of aPL see table 1.

Associations between smoking, aPL and VE

Due to uncertainties regarding the temporality between
smoking and VE, and to gain power, we used ever smoking in
the main analyses between smoking, aPL and VEs. The associa-
tions between aPL subtypes, ever smoking and previous VE are
presented in online supplementary table S4. (For results regard-
ing former and current smoking, see online supplementary
tables, table S4A and B, respectively). In never smokers, pres-
ence of aPL, regardless of subtype, was not associated with the
occurrence of previous VEs. In aPL-negative patients, ever
smoking was moderately associated with arterial events, mainly
with THD. However, the combination of ever smoking and aPL
had a stronger association with arterial and venous events.
These associations were significant in combination with aCL
IgG/A, ap,GP1 IgG/A, LA and triple positivity (see online
supplementary table S4). Stratification for age (>50 vs
<50 years) did not change the results (data not shown). The
additive interaction analysis demonstrated a significant inter-
action between ever smoking and LA (AP=0.80, 95% CI 0.5 to
1.0) (figure 2, see online supplementary table S4), and ever
smoking and triple positivity (AP=0.85, 95% CI 0.6 to 1.0)
(figure 3, see online supplementary table S4), regarding the
association with presence of any VEs.

DISCUSSION

A positive association between ever, and above all former,
regular cigarette smoking and presence of aPL is demonstrated
among patients with SLE. Furthermore, a positive interaction
between ever smoking and aPL was noted for the association
with previous VEs.

The observation that former smoking status is associated with
the more pathogenic aPL of IgG isotype as well as with LA posi-
tivity,'® while current smoking tended to be associated with aPL
of IgM isotype, is new. If true, this pattern raises further ques-
tions about the origin of aPL and the interaction of smoking
with the immune system. Whether smoking can trigger an
immunological response with initial IgM production and a later
persistent IgG memory’, similar to infectious immunity needs
to be addressed in prospective studies. Smoking cessation does
not seem to reduce ‘aPL autoimmuny’ as years since smoking
cessation did not affect aPL status.

Decreased total levels of serum IgG and IgM have been
reported in current smokers,'” but in our study, total immuno-
globulin levels did not differ by smoking status and are thus
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unlikely to have led to a skewing towards aPL of IgM isotype in

>
gl == x : :
Sl 3y 5 current and IgG isotype in former smokers.
g 2| 3L % :; < It is of particular note that smoking status was exclusively
5 ;‘ 2222 = associated with aPL but not with other commonly occurring
3 §' == 3= SLE-related autoantibodies, Rf or anti-CCP2 in our study.
2 Previously, Rubin et al reported that former smokers had higher
2 titres of anti-dsDNA IgG compared to current and never
) smokers. They hypothesised, supported by animal studies, that
© g8 . = smoking suppresses IgG production, and that smoking cessation
° < = Inih & ; i . . .
= NN leads to an exacerbation of humoral autoimmunity with
o O N O O . .
% S S oS = enhanced IgG production.?® By contrast with us, Freemer et al
wv . . .
e S| 2235 reported that current versus never smoking was associated with
& the occurrence of anti-dsDNA in SLE patients.*
S Not much is known about the role of environmental factors
B . for the occurrence of aPL. Some reports suggest that infections,
e - . . . . .
35 <| 2 S trauma, vaccinations and drugs may be important.”’ Likewise,
S T T o9 o © . . .
® D b= moen APS-associated  clotting events have been observed in
;>: 51883 aPL-positive patients after triggering ‘second hits’, such as infec-
2 < § S Q2 @@ tions or warfarin withdrawal.”> Hypothetically, smoking cessa-
= tion may alter the immunological balance and cause either an
g aPL ‘class switch’ from IgM to more pathogenic IgG or an
'§ enhanced rebound IgG production, as suggested by Rubin
z S8 =~ et al”® Smoking cessation could thus constitute a ‘triggering
o E" &b T $| :I event’ in aPL-positive individuals. Further studies are needed to
S O~ . . e el e
= Tleezaz investigate these possibilities.
L Q| S ;h ~ © Antibodies to oxidised LDL (aoxLDL) cross-react with aPL of
g‘ |- e different specificities.>> Smoking was associated with higher
‘é titres of aCL IgG and of aoxLDL IgG in the general popula-
2 tion.”* 25 Cigarette smoke, a potent source of oxidants,”® may
= g2 . induce oxidative alterations in lipoproteins, such as LDL, or
E SlTI1287T hypothetically in B,GP1, the major autoantigen in APS. Patients
= = 234 4é4 with APS have high levels of B,GP1 and a larger proportion of
o = T o O = . g
= Z“. R G o = oxidised B,GP1 than controls.”” 2® We recently demonstrated
o) Y 9 2 ‘
£ ®leee -~ that there is a strong genetic component to the occurrence of
o aPL and VE in SLE.*” * A possible scenario is that smoking
= may contribute to oxidative alterations, which, in genetically
B g predisposed individuals, may give rise to an autoimmune
_% I SI =T e response, epitope spreading and induction of aPL.
2 < 28 4 I ob The association between former smoking and aPL was only
g2 |2 Ssssse : ~ : P
i = present among patients with a previous VE. To investigate
=) S| @22~ 9m : .
5 8| S~ S n = whether the patients who had stopped smoking after a VE
=y explain this observation, we excluded the 18 patients (5%) who
= reported quitting smoking at the time of or after their first VE
= & = in an additional posthoc sensitivity analysis. The association
— oS m — . . . . .
] el ; & between former smoking and aPL persisted in this setting,
= s § T ] ) although attenuated. We cannot fully exclude the possibility that
- S QNS | . . . .
3 2 Eeees| 4 patients had stopped smoking earlier, advised to do so based on
s S O OV — — o . .
g Rl s =3 5 the presence of SLE, aPL or other cardiovascular risk factors.
E ] The present cross-sectional study does not allow us to further
5 = determine whether this reverse causation explains our findings
b= S— . . . .
2 . g and, therefore, results should be interpreted with this caveat in
= 8 s > P
% S& .| B mind.
SR i ; fT° 2| :; E Among aPL-negative patients, ever smoking was predomin-
=B essxnw| E antly associated with THD. This observation is consistent with
% 5 gl S8 ~mao 2 the fact that smoking is a strong risk factor for arterial events in
© —_— O O — mMm a . .
2.8 2 the general population and in SLE.'® ' 3! Although several
-% E E studies recently demonstrated that smoking is a risk factor for
g3 s VTE in the general population and in SLE,>*~** we did not find
o - w .. . . .
ﬁ a g 22 § any association between ever smoking and history of VTE in
- °c_©S8| & aPL-negative patients in this study (see online supplementary
S w £ 2.3
o E 2% L 7|83 ble $4
w = Y m e 2|28 table 54).
= g s E S g 9 e .
= 2 8% 5 E|S5 aPL positivity in patients who had not smoked regularly was
= o < << v U L

not associated with previous VEs in this study, which contrasts
with the recognised effect of these antibodies.® The ORs for

Gustafsson JT, et al. Ann Rheum Dis 2015;74:1537—1543. doi:10.1136/annrheumdis-2013-205159 1541


http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-205159/-/DC1
http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2013-205159/-/DC1
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on April 25, 2017 - Published by group.bmj.com

Clinical and epidemiological research

Table 3 Stratified analyses of multivariable-adjusted logistic regression models for the association between aPL and smoking, presented as ORs

and 95% Cl
Triple
aClL IgG aCL IgM aCL IgA ap,GP1 IgG ap,GP1 IgM ap,GP1 IgA LA positivity

Females (n=316)t

Current (n=57) 1.0 (0.4-2.5) 2.0 (0.9-4.2) 2.0 (0.9-5.9) 1.1 (0.4-2.8) 2.2 (0.9-5.9) 1.8 (0.8-4.2) 2.7 (1.1-6.6)* 2.3 (0.9-8.8)

Former (n=109) 3.1 (1.6-6.1)* 1.0 (0.5-2.1) 1.6 (0.8-3.2) 2.7 (1.3-5.8)* 0.7 (0.2-1.9) 2.0 (0.9-4.0) 4.2 (2.1-9.2)* 41 (1.7-11.1)*
Warfarin treated (n=55)

Current (n=9) 3.5(0.4-33.00 2.1 (0.3-5.5) 4.2 (0.5-37.4) 1.8 (0.07-25.9) 1.0 (0.04-13.9) 5.4 (0.7-51.2) 5.3 (0.8-42.4) 2.0 (0.07-33.0)

Former (n=26)  12.8 (2.6-96.5)* 1.2 (0.3-5.5) 4.0 (0.9-23.6)  18.0 (2.9-199.7)* 0.98 (0.9-8.9) 5.2 (1.1-34.4)* 18.1 (3.8-123)*  18.3 (3.0-203)*
Untreated (n=312)

Current (n=60) 1.2 (0.4-3.0) 2.0 (0.8-4.6) 1.9 (0.8-4.3) 1.5 (0.6-3.8) 2.5 (0.9-6.5) 1.6 (0.7-3.8) 1.6 (0.6-4.1) 3.2 (1.1-10.5)*

Former (n=101) 2.0 (0.96-4.4) 0.8 (0.3-2.0) 1.2 (0.4-2.3) 2.0 (0.9-4.6) 0.4 (0.09-1.5) 1.3 (0.6-2.9) 1.6 (0.7-3.7) 2.0 (0.6-6.3)
Previous event
Yes (n=96)

Current (n=20) 2.3 (0.5-11.6) 1.2 (0.2-6.0) 2.9 (0.7-12.5) 2.6 (0.4-17.5) 0.7 (0.03-8.9) 3.3 (0.8-15.2) 1.8 (0.5-7.5) 1.4 (0.3-5.2)

Former(n=41) 10.6 (3.1-45.4)* 1.9 (0.6-7.0) 3.4 (1.1-12.3)* 8.4 (2.4-38.5)* 1.8 (0.3-14.6) 4.5 (1.4-17.7)* 7.9 (2.7-26.6)* 3.9 (1.1-4.1)*
No (n=271)

Current (n=49) 1.2 (0.4-3.2) 2.6 (1.1-6.1)* 1.7 (0.7-4.3) 1.3 (0.4-3.7) 3.0 (1.1-8.2)* 1.4 (0.5-3.5) 2.2 (0.8-5.7) 3.9 (1.1-14.1)*

Former (n=86) 1.5 (0.6-3.6) 0.8 (0.3-1.9) 0.8 (0.3-2.0) 1.4 (0.5-3.7) 0.3 (0.05-1.2)  0.98 (0.4-2.4) 1.3 (0.5-3.4) 1.3 (0.3-5.2)
Patients who stopped smoking the same year as/after the first event excludedt (n=349)

Current (n=69) 1.3 (0.6-3.0) 2.1 (0.97-4.3) 1.9 (0.9-4.0) 1.4 (0.6-3.2) 2.2 (0.9-5.5) 1.8 (0.8-3.8) 2.1 (0.9-4.6) 2.7 (0.96-7.8)

Former (n=109) 2.2 (1.1-4.3)* 1.0 (0.5-2.1) 1.03 (0.5-2.2) 2.2 (1.1-4.6)* 0.6 (0.2-1.8) 1.2 (0.6-2.6) 2.1 (1.0-4.2)* 1.5 (0.2-2.1)

*p<0.05.

tAnalyses of subsets of patients that is, per definition not stratified analyses. For abbreviations of antiphospholipid antibodies (aPL), see table 1.

these analyses were, however, generally in the same direction
(>1) (except for venous events, online supplementary table S4)
with broad Cls, indicating that we may have been underpowered
to detect a positive but weaker association.

Though the individual associations of smoking and aPL with
VE were moderate, the combination of the two factors markedly
increased the ORs for VE. These patterns of associations were
consistent across investigated aPL (see online supplementary
table S4) and are, to our knowledge, new. A significant inter-
action was found between ever smoking and LA, and triple posi-
tivity,” for the association with any VE. Our observations are
supported by Urbanus et al who reported a joint effect of aPL
and smoking for the occurrence of MI and stroke.*’

The strengths of this study are the relatively large and well-
defined cohort of patients, the detailed information about smoking
history and events, and the uniform measurements of aPL.
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Figure 2 Ever smoking and LA in relation to previous vascular events.
Art/ven, any arterial/venous event, IHD, ischaemic heart disease,

ICVD, ischaemic cerebrovascular disease, VTE, venous thromboembolism,
AP, attributable proportion due to interaction.

There are, however, also several limitations. We were not
adequately powered in stratified and subgroup analyses and,
despite detailed questions about the patient’s smoking history
we cannot exclude that recall bias has led to exposure misclassi-
fication. The interpretation of the interaction analysis is based
on the assumption that smoking and aPL preceded VE.
According to patient reports and records, only one of the
reported VEs occurred prior to smoking start, and it is clinically
reasonable, but not proven, to assume that aPL occurred before
the VE. Finally, due to the cross-sectional design, aPL status was
based on a single point in time, and we cannot exclude the pos-
sibility that aPL positivity was transient in some patients.
However, aPL positivity, not APS, was the outcome in this study.

To conclude, we report that SLE patients who have smoked
regularly are more often aPL-positive, and that former smokers
were more prone to be positive for the more pathogenic LA and
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Figure 3  Ever smoking and triple positivity in relation to previous
vascular events. Art/ven, any arterial/venous event, IHD, ischaemic
heart disease, ICVD, ischaemic cerebrovascular disease, VTE, venous
thromboembolism, AP, attributable proportion due to interaction.
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IgG aPL isotypes. We observed a strikingly high frequency of
former VE among aPL-positive ever regular smokers. Further
prospective and mechanistic studies need to address how
smoking is related to the development of aPL, and how
smoking and procoagulant autoantibodies interact to enhance
the risk of thrombotic events.
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