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ABSTRACT

Objective. Anti-neutrophil cytoplasmic
antibody (ANCA)-associated vascu-
litides (AAV) are a group of systemic
pauci-immune necrotising vasculitides
involving small vessels, character-
ised by the presence of specific ANCA
autoantibodies directed to leukocyte
proteinase 3 (PR3-ANCA) or myelop-
eroxidase (MPO-ANCA) and subdi-
vided into three clinical entities: gran-
ulomatosis with polyangiitis (GPA),
microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with poly-
angiitis (EGPA). The aetiology of AAV
is unknown and many genetic, epige-
netic and environmental factors have
been reported to be involved in patho-
genesis. Smoking is widely recognised
as a risk factor for the development of
many autoimmune diseases, such as
rheumatoid arthritis and systemic lupus
erythematosus. This systematic review
will analyse known data about the role
of smoking in the development, clinical
presentation and outcome of AAV.
Methods. Articles that examined inter-
actions between tobacco smoking and
AAV (GPA, MPA, EGPA) were included.
All articles selected were in English. No
limitation on publication date was es-
tablished. Case reports were excluded.
The systematic search was performed
using PubMed/Medline and Cochrane
Library databases.

Results. The search provided a total of
131 articles. Three studies were added,
obtained from the review of the refer-
ence lists of articles. 70 were removed
because they were duplicated or writ-
ten in languages other than English.
The title and abstract of 64 articles
were screened. Of these, 30 were ex-
cluded as the title and/or abstract did
not meet the inclusion criteria. Thus,
34 remained for full-text review, of

which 8 were excluded. 26 articles
were therefore included in this review.
The role of smoking in AAV develop-
ment is unclear. AAV patients current
smoking appear appear to be younger
and more frequently males, with a low-
er prevalence of EGPA and MPA than
GPA. Ever smokers show higher re-
lapse rate. Smoking seems to be asso-
ciated with a higher risk of cardiovas-
cular events during follow-up. Smokers
incur an increased risk of infections.
Finally, many data support smoking as
a risk factor for end stage renal disease
and mortality in AAV patients.
Conclusion. Current data support the
hypothesis that smoking influences
prevalence, clinical phenotype and
prognosis of ANCA-associated vascu-
litis. However, further studies are re-
quired to fully determine its role.

Introduction

Anti-neutrophil  cytoplasmic  anti-
body (ANCA)-associated vasculitides
(AAV) are a group of pauci-immune
necrotising  vasculitides  involving
small vessels (1), characterised by the
presence of specific ANCA autoanti-
bodies directed to leukocyte proteinase
3 (PR3-ANCA) or myeloperoxidase
(MPO-ANCA). AAV comprise three
clinical entities: granulomatosis with
polyangiitis (GPA), microscopic poly-
angiitis (MPA) and eosinophilic granu-
lomatosis with polyangiitis (EGPA).
AAV commonly show a relapsing-
remitting course. Induction and main-
tenance treatment is based on chronic
immunosuppressant therapies (2, 3).
Patients undergo severe comorbidities
(4, 5), high economic burden (6), poor
health related quality of life (7) and
high mortality rate (8). Thus, the iden-
tification of factors involved in AAV
pathogenesis is critical to better un-
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derstand physiopathology of AAV and
hypothetically prevent onset of AAV.
However, the aetiopathogenesis of
AAV is still unknown and polygenic
genetic susceptibility, epigenetic modi-
fications and environmental factors
have been reported to be involved in
pathogenesis (9, 10). Among environ-
mental factors, silica exposure, farm-
ing, other pollutants, infections, UV
radiation, vitamin D have been asso-
ciated with AAV (11, 12). Smoking is
widely recognised as a risk factors for
the development of many autoimmune
diseases, such as rheumatoid arthritis
(13-15) and systemic lupus erythema-
tosus (16).

Tobacco contains more than 7000 dif-
ferent chemical compounds (17), that
mostly interfere with immune system,
as enhancers or inhibitors (18). Nico-
tine shows many immunomodulatory
effects. Among immunosuppressive
effects, nicotine inhibits toll-like recep-
tor 4 (TLR4), TLR2, tumour necrosis
factor alpha (TNF-a) production in
monocytes (19, 20), suppresses au-
tophagy in macrophages (21), inhib-
its proliferation and activation of T
lymphocytes, reduces production of
T-helper 1 (Thl) (TNF-a and IFN-a)
and Th17 associated cytokines (inter-
leukin-17 (IL-17), IL-17F, IL-21, and
IL-22) and increases IL-4 production,
overall inducing a shift to the Th2 line-
age (22). Among pro-inflammatory ef-
fects, nicotine induces dose dependent
neutrophil extracellular traps (NETs)
formation (NETosis) and, in mouse
models of rheumatoid arthritis, nicotine
exposure is associated with more severe
arthritis (23). Acrolein causes cellular
DNA damage, induces autophagy and
apoptosis of macrophages (24) and, in
animal models, reduces NETs forma-
tion mediated by respiratory burst (25).
In lung tissues benzo[a]pyrene proved
to inhibit cytotoxic T cells, dendritic
cells, M1 macrophage and neutrophils
and immune-stimulatory cytokines, and
to induce Treg, tolerogenic dendritic
cells, myeloid-derived suppressor cells
and M2 macrophage and immunosup-
pressive cytokines (26). Among heavy
metals present in cigarettes, cadmium
inhalation causes production of ROS
(27) and contributes to NETs formation
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(28). Mercury leads to TLRs activation
(29), also mediated by NETosis (30),
proinflammatory cytokine secretion
and subsequent specific T-dependent
immune response, critical for autoanti-
body production (31). In mice, alumin-
ium salts induce activation of dendritic
cells, release of NETs (32) and produc-
tion of MPO-ANCA (33). ROS action
on lung cells can overload antioxidants
systems and cause oxidative stress,
leading to lipid peroxidation, DNA and
protein oxidative damage. Oxidative
stress promotes production of inflam-
matory mediators, such as prostaglan-
dins and leukotrienes, that are crucial
to recruit neutrophils and macrophages.
Inflammatory cells subsequently re-
lease TNF-a, IL-1 and IL-8, that act as
triggers for further recruitment of neu-
trophils and macrophages, creating a
vicious cycle (34).

Exposure to tobacco smoke, thus, can
provide immunosuppressive effects
but can also promote directly or indi-
rectly production of ROS, generation
of proinflammatory cytokines, priming
of neutrophils and formation of NETSs,
all events also involved in AAV patho-
genesis (10, 35). However, the role of
smoking in ANCA-associated vasculi-
tis is still debated (11) and specific data
about interactions between tobacco and
AAV pathogenesis are still lacking.
Considering that cigarette smoking is
a worldwide habit involving approxi-
mately a fifth of adults in 2022 (36),
the definition of the role of smoking in
ANCA-associated vasculitis could pro-
spectively affect AAV epidemiology,
clinical characteristics and prognosis.
This systematic review, indeed, will
collect and analyse known data about
the role of smoking in development,
clinical presentation and outcome of
AAV.

Materials and methods

This systematic review has been com-
posed according to Preferred Report-
ing Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol.
Studies that examined smoking, tobac-
co exposure, cigarette use in patients
with GPA, EGPA, MPA were included,
without restrictions about publication
date. Studies wrote in languages other

than English and case reports were ex-
cluded. The systematic search was per-
formed on 11" December 2023 employ-
ing PubMed/Medline and Cochrane Li-
brary databases and using the keywords
“Anti-Neutrophil Cytoplasmic Anti-
body-Associated Vasculitis” as a Mesh
term, “smoking”, “tobacco”, ‘“ciga-
rette” and “smoke”. The search strat-
egy was “Anti-Neutrophil Cytoplasmic
Antibody-Associated Vasculitis [Mesh]
AND smoking”, “Anti-Neutrophil Cy-
toplasmic Antibody-Associated Vas-
culitis [Mesh] AND tobacco”, “Anti-
Neutrophil Cytoplasmic Antibody-As-
sociated Vasculitis [Mesh] AND ciga-
rette”, “Anti-Neutrophil Cytoplasmic
Antibody-Associated Vasculitis [Mesh]
AND smoke”. Duplicates were exclud-
ed. Additional relevant articles were
obtained from the review of the refer-
ence lists of articles. Two reviewers,
MM and FF, independently screened in
a two-step procedure titles and abstracts
and, subsequently, full texts of eligible
articles. Any disagreement was fixed
by a third reviewer, CB. The articles
included were analysed for the interac-
tion of smoking with AAV. Data were
grouped into three main topics: 1. the
role of smoking in AAV development,
2. the role of smoking as a factor in-
fluencing disease phenotype (clinical
presentation, characteristics of relapse),
3. the role of smoking as a prognostic
factor for comorbidities (cardiovascu-
lar diseases, infection, end stage renal
disease) and overall mortality. Each ar-
ticle was evaluated for: author, year of
publication, country of origin, type of
study design and methods, sample size
and diagnoses included (GPA/MPA/
EGPA), topic analysed about smok-
ing, definition of current/previous/ever/
never smoker. Results were collected as
differences of prevalence/incidence of
variables and, where present, as meas-
ures of effect size (odds ratio (OR)
or hazard ratio (HR)). Extracted data
were synthesised in a narrative review
without meta-analysis by two review-
ers (MM and FF) and summarised in
the tables. Statistical analyses were not
performed due to the differences of the
characteristics of studies, the low num-
ber of comparable studies and incom-
plete reports of effect size.
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Results

The search provided a total of 131 arti-
cles. Three studies were added, obtained
from the review of the reference lists of
articles. 70 were removed because they
were duplicated or written in languages
other than English. The title and ab-
stract of 64 articles were screened. Of
these, 30 were excluded as the title and/
or abstract did not meet the inclusion
criteria. Thus, 34 remained for full-text
review, of which 8 were excluded. Flow
diagram of process of study selection is
available in Figure 1. 26 articles were
therefore included in this review.

Smoking and AAV development
Many studies focused on the role of to-
bacco smoking in AAV development,
some reporting a protective effect, some
reporting a risky effect, others finding
no influence. The characteristics of the
studies are reported in Table I.

Smoking as a neutral factor

Hogan et al. found a similar prevalence
of ever smokers among patients affected
by AAV-related glomerulonephritis and
controls with other renal diseases (37),
and also among healthy controls (38).
Rihova et al. showed comparable results
in a small cohort of AAV patients with
pulmonary involvement (39). In a case-
control study involving AAV patients
and non-vasculitic controls (40), no as-
sociations have been reported with ever
smoking or smoking in the year before
AAV onset. Finally, also in a city-based
New Zealand study (41), the proportion
of ever smokers did not differ among
GPA patients and controls.

Smoking as a protective factor

In a retrospective study involving 197
MPA and GPA German patients (42),
27 (14%) patients were current smokers
in the last 2 years before disease onset,
in a significantly lower proportion than
general German population (24.3%
smokers, p<0.001) (42). Similar results
were reported in a French AAV cohort,
where prevalence of current smokers
was 9.2% compared to 32.9% in male
general population, and 4.2% com-
pared to 29,3% in females (43). Berti
et al. also found a lower proportion of
current smokers in AAV patients than
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Fig. 1. PRISMA flow diagram describing the process of study selection.

in controls (5% vs. 19%; p=0.04) (44).
Moreover, a cohort of 111 Italian EGPA
patients showed a significantly lower
proportion of current smokers (smok-
ers in the last six months) than age-,
sex- and geographic origin-matched
controls (2% vs. 29%) [OR 0.04 (95%
C.I. 0.01-0.18) p<0.001] and a lower
pack-year index was observed in ever-
smokers cases than in ever-smokers
controls [10 (5-20) wvs. 17 (9-30)
p=0.006] (45). However, sub-analyses
regarding ANCA status showed that
protective role of smoking remained
significant only in ANCA-MPO nega-
tive patients [OR 0.34 (95% C.I. 0.17-
0.66) p=0.002] (45). The proportion of
ever smokers was lower among EGPA
patients than among controls also be-
fore asthma onset (45). Multivariable
logistic regression analysis confirmed
that tobacco smoking (former and cur-
rent smoking) was independently asso-
ciated with a lower risk of EGPA devel-
opment [OR 0.39 (95% CI 0.22-0.69),
p=0.001] (45).

Smoking as a risk factor

In a large US-based study where 473
GPA and MPA were recruited (46), a
higher proportion of current and former
smokers was observed among AAV
patients than among controls (respec-
tively 9% vs. 4% [OR 2.70 (95% C.I.
1.76-4.14)] for current smokers and
45% vs.38% [OR 1.58 (95% C.I. 1.25-
2.00)] for former smokers). These asso-
ciations remained strong after stratifica-
tion by sex, head and neck, renal and
pulmonary involvement and ANCA-
MPO positivity, while, in ANCA-PR3
positive patients, statistical significance
was not achieved (46). Moreover, the
odds of having AAV increased with
raising pack-years of tobacco exposure
[p for trend <0.001] (46). In a case-
control study based on medical records
from UK primary care and involving
757 GPA patients and age-, sex- and
general practice-matched controls (47),
former smoking was associated with an
increased risk of developing GPA com-
pared with never smokers [odds ratio
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(OR) 1.5,95% C.I. 1.2-1.8, p<0.001].
However, current smoking tended to
be associated with a decreased risk of
developing GPA compared with never
smokers [OR 0.8, 95% C.I. 0.7, 1.0,
p=0.077] (47).

The role of smoking as a
disease-modifier

Another topic covered in the literature
has been whether smoking status could
influence disease presentation and phe-
notype of AAV. The characteristics of
the described studies are reported in
Table II.

Some studies did not find any associa-
tion (42, 48). In particular Patel ez al.
described, in their MPA and GPA Pol-
ish cohort, that ever smokers and never
smokers, and current and past smokers
did not differ for clinical presentation,
organ involvement or ANCA status
(49), but ever smokers showed more
frequently the need for renal replace-
ment therapy at diagnosis (31% vs. 14%
p=0.003) and a higher mean BVAS (19
vs. 17.25, p=0.04) and median C-re-
active protein level (p=0.01) (49). In
a bigger cohort of 649 GPA patients,
smoking exposure was not significantly
different among patients with limited
disease, extra-renal generalised disease
and renal predominant disease (50).
However, a retrospective study by
Benarous et al., based on French Vas-
culitis Study Group database, which
recruited 1165 GPA, MPA and EGPA
patients, compared clinical and biologi-
cal disease phenotype at diagnosis (43).
Current smokers (who smoked at least
in the last 3 months before evaluation)
were significantly younger (45.2+14 .4
vs. 53.5x16.1, p<0.0001), more fre-
quently males (66 vs. 45%, p=0.0008),
as described also by Yamaguchi et al.
(48) and Patel et al. (49), and had more
frequently PR3-ANCA (28 vs. 41%,
p=0.037) and less frequently MPO-AN-
CA (28 vs. 41%, p=0.037) than former
and never smokers (43). The proportion
of current smokers in GPA patients was
higher than in EGPA and MPA ones
(»=0.0002) (43), as confirmed also
in a study by Monti et al. (51), where
number of current smokers was higher
in GPA than EGPA (12.65% vs. 2.72%,
p<0.001) and number of previous smok-
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ers was higher in MPA than in EGPA
(30.05 vs. 28.26, p=0.024). Evaluat-
ing overall disease features, current
smokers had less frequently peripheral
neuropathy (28 vs. 41%, p=0.037), and
lower BVAS (15.448.1 vs. 18.729.0,
p=0.037) (43). In multivariate analyses,
features independently associated with
current tobacco use at diagnosis were
younger age [OR 0.98 (95% C.I. 0.96—
0.99), p=0.01], male gender [2.31 (95%
C.I.1.31-4.08), p=0.004], less frequent
EGPA [044 (95% C.I. 0.23-0.87),
p=0.017] and MPA [0.36 (95% C.L.
0.14-0.93), p=0.036] (43). In EGPA
cohort, current smokers had less fre-
quent constitutional symptoms (29 vs.
62%, p=0.02), arthralgias (7 vs. 35%,
p=0.04), renal involvement (0 vs. 26%,
p=0.025) and MPO-ANCA-—positiv-
ity (0 vs. 30%, p=0.02) and had lower
BVAS (12.5+£6.6 vs. 18.5+8.1, p=0.018)
than non-current smokers (43). In GPA
cohort current smokers had more fre-
quent skin involvement (50 vs. 32%,
p=0.025) (43). Basu et al., in an un-
published work involving two Euro-
pean cohorts (EUVAS and VASQoL) of
GPA and MPA patients (52), observed
that current smokers were younger
(p=0.047 and p=0.021, respectively)
and showed more frequently gastroin-
testinal involvement in the EUVAS and
in the VASQoL cohorts (17% vs. 6%
[p=0.026] and 12% vs. 4% [p=0.044],
respectively) than non-current smokers.
VASQoL current smokers had higher
proportion of cutaneous (48% vs. 28%,
p=0.035) and lower proportion of ENT
manifestations (44% vs. 64%, p=0.046)
(52). Also Haubitz et al. observed that,
at disease onset, active smokers were
younger (median age 42 years) than all
patients with vasculitis (median age 54
years, p<0.01) (42).

The action of smoking compounds may
also influence disease activity and re-
lapse rate. Yamaguchi et al., in a Japa-
nese MPA and GPA cohort of almost
totally ANCA-MPO positive patients,
showed that remission at 2 months was
more frequent in non-smokers than
in ever smokers (former or current)
(p=0.043) and that a higher proportion
of smokers than non-smokers devel-
oped at least 1 relapse during follow-up
(39.6% vs.20.9%,p=0.037) (48). Anal-

ysis of the cumulative probabilities of
relapse at 1,3, and 5 years from disease
onset demonstrated that ever smokers
were at a higher risk of relapse than
never smokers (log-rank test: p=0.003).
Univariate and multivariate models
showed that current smoking, in par-
ticular, was a predictor of first relapse
[respectively hazard ratio [HR], 3.88
(95% C.I. 1.74-8.58) p=0.001, and
748 (95% C.I. 2.73-21.0) p<0.001]
and that risk of relapse was positively
associated with cumulative exposure
(measured in pack-years) (p=0.004)
(48). Patel et al. did not find any as-
sociation between smoking status and
relapse rate of AAV (49).

Smoking status and prognosis:
cardiovascular disease, infection,
end stage renal disease and
mortality

It is well-known that patients with sys-
temic autoimmune diseases and, spe-
cifically, AAV, have an increased risk of
cardiovascular disease and infections,
due to disease activity, disease damage
and immunosuppressive therapies, so
implying a higher overall mortality than
general population (53). Several stud-
ies, thus, focused on defining whether
smoking could be an additional and
cooperative factor in determining AAV
prognosis. The characteristics of the
studies are reported in Table III.

Many studies involving AAV patients
showed an increased risk of cardio-
vascular disease (CVD) associated to
the disease (44, 54), compared to gen-
eral population. Thus, considering that
tobacco use is an established risk fac-
tor for cardiovascular disease includ-
ing coronary heart disease (55), stroke
(56) and sudden cardiac death (57) in
the general population, smoking hab-
its were also analysed. Berti et al. (44)
and Vegting et al. (58) found no as-
sociation between smoking status and
CVD in AAV patients. Smoking was
also analysed as a possible risk factor
for development of hypertension or
diabetes mellitus in AAV patients, but
results did not show any significant as-
sociation (51). However, a multination-
al retrospective study involving 2286
patients with AAV identified smoking
as a risk factor [hazard ratio (HR) 1.98,
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95% CI 1.48-2.64] for CVD (fatal and
non-fatal myocardial infarction, stroke,
or both) in univariate and multivariate
Cox regression analysis (59). Similar
results were published by Mourguet
et al. (54), who observed that tobacco
use was identified as a risk factors for
major cardiovascular events [HR 2.7
(95% C.I. 1.07-6.66) p=0.036] and,
more specifically, for coronary artery
disease [HR 8.8 (95% C.I. 2.12-36.56)
p=0.003], in GPA/MPA patients. Mor-
gan et al. found that ever smoking was
related to CV events [HR 3.9 (95%
ClI. 1.5-10) p=0.005] in AAV patients
overall, and in those without preexist-
ing CVD or who never required dialy-
sis [HR 6 (95% C.I. 1.6-22.8) p=0.005]
(4). According to Yamaguchi et al.,
smokers had a higher number of hos-
pitalisations related to a cardiovascular
event (11.1% vs. 0%, p=0.006) (48).

Infectious events in AAV patients are
related to disease activity, disease dam-
age and, especially, concurrent immu-
nosuppressive therapies. In this con-
text, smoking has been analysed as a
possible independent risk factor for
infections. A single-centre retrospec-
tive study from China displayed that
AAV patients with infection were more
frequently smokers (32.6% vs. 17.3%,
p=0.02) and that smoking was a fac-
tor associated with infectious diseases
in univariate and multivariate analy-
sis [respectively OR 2.30 (95% C.I.
1.14-4.64), p=0.02 and OR 2.38 (95%
ClI. 1.13-5.03), p=0.02] (60). More-
over, smokers suffering from infections
had less chance to survive (41.2% vs.
31.3%, p<0.001) (60). Another Chi-
nese cohort study involving 248 AAV
patients evaluated for infectious events
showed similar results: the incidence of
smoking (36.0% vs. 17.3%, p=0.000)
was significantly higher among the
infected patients and univariate and
multivariate Cox regression analysis
confirmed smoking as a risk factor for
infections [respectively HR 2.293 (95%
C.I. 1.465-3.588) p=0.000 and HR
2.338 (95% C.1.1.236-4.424) p=0.009]
(61). Highlighting the role of tobacco
use in infection development, in a UK
GPA cohort smoking was associated
with increased risk of antibiotic use
(1.13 (1.05-1.22) p<0.001) (50). Ad-
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ditionally, Watanabe-Imai et al. identi-
fied smoking as a risk factor for severe
infections within six months of intro-
duction of induction therapy in AAV
patients [HR 2.64 (95% C.1.1.39-5.01)
p=0.003] (62).

Studies focusing on mortality in AAV
have also considered the role of tobacco
use. Haubitz et al. (42) did not describe
differences between current smokers,
non-smokers, or former smokers in
mortality rate and development of end
stage renal disease. Data from a Japa-
nese MPA cohort (REVEAL) showed
no difference in mortality rate accord-
ing to smoking history, but Brinkman
index resulted higher in dead patients
(p=0.002) (63). However, many other
studies identified smoking as a risk
factor for mortality and end stage renal
disease. Yamaguchi et al., in a multi-
centre study involving 122 MPA and
GPA subjects, found that smokers had
a higher number of deaths (33.3% vs.
13.2%, p=0.009) and end stage renal
disease (35.2% vs. 14.7%, p=0.010)
compared to never smokers (48). In a
Korean AAV cohort of 223 patients,
smoking history was associated with
all-cause mortality during follow-up
[HR 6.052 (95% C.I. 1.787-20.498)
p=0.004] in the univariate but not the
multivariate analysis (64). According to
Patel et al., in their Polish AAV cohort,
mortality of ever smokers was higher
than never smokers’ (23% vs. 9%;
p<0.001) (49). In the Kaplan-Meier
analysis, the ever smokers were found
to have a higher mortality hazard [HR
2.89 (95% C.I1. 1.47-5.72) p=0.002],
with similar distribution of the causes
of death (49). In the multivariable Cox
regression analysis, ever smoking [HR
2.39 (95% C.I. 1.11-5.54) p=0.03] was
found to be an independent predictor
of mortality. However, current and past
smokers did not display differences ac-
cording to number of deaths and mor-
tality hazard (49). In a Spanish cohort
of 89 GPA and MPA cases with renal
involvement (65), smoking exposure
was pinpointed in regression analyses
as a factor associated with all-cause
mortality [univariate OR 1.683 (95%
C.I. 1.021-2.776) p=0.041, multivari-
ate OR 1.816 (95% C.1. 1.230-2.682)
p=0.003] and with renal replacement

therapy [HR 1.848 (95% C.I. 1.086—
3.145) p=0.023].

Discussion

Data presented in this systematic re-
view showed that whether smoking
promotes, inhibits or is unrelated to de-
velopment of AAV is unclear. Studies
suggesting no role of smoking involve
small size groups of patients and are
less recently published (37-40). They
are all case-control studies whose data
on smoke exposure derives from ques-
tionnaires. Moreover, they are seldom
focused on smoking habits and related
data are only briefly reported. Data sup-
porting a protective role of smoking
are mostly derived from a few studies.
Haubitz et al. (42) involves patients
recruited in a nephrological setting, so
ascertainment and referral bias cannot
be excluded. Geographical distribution
of patients and socio-economic status
could have interfered with analyses.
The last considerations could be ap-
plied also to other studies (43) (44). In
particular, Haubitz et al. (42) and Ben-
arous et al. (43) did not use a control
group for analyses but data from cross-
sectional studies. Studies that show
smoking as a risk factor for AAV de-
velopment involve only GPA and MPA
patients and are based on large sized
samples. Work by McDermott et al.
(46) is focused specifically on smoking
habits with a high prevalence of MPO-
ANCA positive patients but cases and
controls derived from the same single
health care system. Pearce et al. include
records of GPA patients collected from
a longitudinal medical database, limit-
ing recall bias.

However, published data regarding
EGPA are more consistent. Ever smok-
ing seems to be a protective factor for
EGPA development, especially in AN-
CA-MPO negative patients and inde-
pendently from asthma symptoms (45).
Current smokers with AAV appear to
be younger and more frequently males,
as reported in almost all the cited stud-
ies. However, the only large sized
study focusing on the role of smoking
in disease phenotype shows, despite
the low frequency of smokers report-
ed, that current smokers have a lower
prevalence of EGPA and MPA than
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GPA (43). Among EGPA patients, cur-
rent smokers have less frequent con-
stitutional symptoms, renal involve-
ment and MPO-ANCA positivity, and,
among GPA patients, more frequent
skin involvement (43, 52). Moreover,
ever smokers show higher relapse rate
at short and medium term (48). Many
consistent data (54, 59) identify smok-
ing as a risk factor for cardiovascular
disease during follow-up, despite some
evidence that conflicts probably be-
cause of small size of samples and geo-
graphical and ethnical characteristics
of AAV patients involved in those stud-
ies (44, 58). Smokers also incur more
infections, with a lower survival rate.
Finally, almost unanimously tobacco
exposure emerges as a risk factor for
all-cause mortality and end-stage renal
disease in AAV patients.

Similar data have been described in oth-
er autoimmune diseases such as rheu-
matoid arthritis (13, 14), where smoking
is directly associated with development
and increased disease activity (15), and
systemic lupus erythematosus, where
smoking affects development (16) and
response to treatment (66, 67).

This systematic review has some limi-
tations which should be considered.
First, data available from the literature
about smoking and AAV are scarce and
briefly reported, frequently only in ta-
bles. Second, data are derived from
heterogeneous studies, with different
aims, design, inclusion criteria and
outcomes, and many of them are retro-
spective and case-control studies, with
possible ascertainment biases. Third,
smoking status has been variably ana-
lysed, some studies considering current
smoking, some former smoking, others
ever smoking, and definitions of smok-
ing exposure (current/former) also
vary among studies. Moreover, no data
about second-hand smoking are availa-
ble. Fourth, data on smoking often were
self-reported, implying a possible over-
estimation of non-smokers compared to
occasional smokers and so configuring
possible recall biases. Fifth, reports of
effect size are incomplete or absent in
some studies. These limitations did not
allow to perform statistical analyses
and may have accounted for conflicting
results reported in this study.

1330

This systematic literature review high-
lights a possible relationship between
smoking habits and ANCA-associated
vasculitis onset, clinical manifestations,
comorbidities, and mortality. Thus, ad-
ditional studies are needed to better un-
derstand the interactions between smok-
ing and AAYV, in order to definitively
clarify its role in pathogenesis, clinical
phenotype and prognosis of AAV, and
further research should specifically
evaluate the impact of smoking cessa-
tion on ANCA-associated vasculitis.

Key messages

* The role of smoking in the pathogen-
esis of ANCA-associated vasculitis
remains controversial and further
studies are warranted to address this
issue.

e Although still debated, smoking
habits seem to influence ANCA-as-
sociated vasculitis development and
clinical manifestations.

* Smoking appears to be a risk factor
for cardiovascular comorbidities, se-
vere infections, end stage renal dis-
ease and overall mortality in patients
with ANCA-associated vasculitis.
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