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OBJECTIVE Although several studies have suggested that the incidence of intracranial aneurysms (IAs) is higher in
smokers, the higher prevalence of subarachnoid hemorrhage (SAH) in smokers remains uncertain. It is unclear whether
smoking additionally contributes to the formation of multiple aneurysms and the risk of rupture. The aim of this study was
to determine whether smoking is associated with |A formation, multiplicity, or rupture.

METHODS Patients from the prospective multicenter @neurlST database (n = 1410; 985 females [69.9%]) were re-
viewed for the presence of SAH, multiple aneurysms, and smoking status. The prevalence of smokers in the population
of patients diagnosed with at least one I1A was compared with that of smokers in the general population.

RESULTS The proportion of smokers was higher in patients with I1As (56.2%) than in the reference population (51.4%;
p < 0.001). A significant association of smoking with the presence of an IA was found throughout group comparisons
(p=0.01). The presence of multiple IAs was also significantly associated with smoking (p = 0.003). A trend was found
between duration of smoking and the presence of multiple IAs (p = 0.057). However, the proportion of smokers among
patients suffering SAH was similar to that of smokers among patients diagnosed with unruptured |As (p = 0.48).

CONCLUSIONS Smoking is strongly associated with IA formation. Once an |A is present, however, smoking does not
appear to increase the risk of rupture compared with IAs in the nonsmoking population. The trend toward an association
between duration of smoking and the presence of multiple |As stresses the need for counseling patients with I1As regard-

ing lifestyle modification.

https://thejns.org/doi/abs/10.3171/2019.4.FOCUS19130
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rysms (UIAs) in the adult population is estimated

to be 3.2% (95% CI 1.9%—5.2%).>*" The proportion
of diagnosed unruptured and asymptomatic IAs is increas-
ing,” likely due to a greater number of imaging facilities
and improved technology. The decision of whether to treat
an IA or to propose follow-up depends on many factors
and remains a multidisciplinary task requiring systematic
case-by-case evaluation.® For patients who are followed
up, one of the potentially modifiable cerebrovascular risk
factors is smoking. A meta-analysis found that smoking

THE prevalence of unruptured intracranial aneu-

may be the most important modifiable risk factor for sub-
arachnoid hemorrhage (SAH),” which was confirmed in a
Cochrane systematic review.® However, the two most re-
cent longitudinal studies reported seemingly discordant
observations on this matter. In the Finnish UIA long-term
follow-up study involving 142 patients monitored for more
than 3064 person-years, current smoking was associated
with a significant increase in the rupture rate (nonsmokers
0.5%lyear, smokers 1.4%/year; p = 0.043).2° The Unrup-
tured Cerebral Aneurysm Study (UCAS) of Japan report-
ed a smaller rupture rate for smokers than for nonsmokers

ABBREVIATIONS |A = intracranial aneurysm; SAH = subarachnoid hemorrhage; UCAS = Unruptured Cerebral Aneurysm Study; UIA = unruptured IA.
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FIG. 1. The risk of aneurysm formation (A), multiple aneurysms (B) and rupture risk (C) is depicted in ever smokers stratified by
sex. Overall, aneurysms occur more likely in smokers. In contrast, there appears to be no higher risk of rupture of IAs in patients

who smoke than those in patients who do not.

(5720 patients, 11,660 aneurysm-years of follow-up; non-
smokers 1%/year [95% CI 0.8%/year—1.2%/year], smokers
0.7%/year [95% CI 0.4%/year—1.2%/year]).*” This discrep-
ancy can be resolved by the knowledge that in the Finnish
study, the conclusion was only based on current smokers,
while the Japanese study had a negligible rate of current
smokers. In addition, a case-control study that compared
206 patients with IAs and 547 controls found an additive
effect of smoking and hypertension on the risk of rupture.
The authors concluded that whether the risk of SAH is
increased by an increased risk of aneurysm formation or
also through an increased risk of rupture remains to be
elucidated (Fig. 1).7

Several retrospective studies have addressed the ques-
tion of whether smoking is associated with IAs, and they
all confirmed the link. In one study, a retrospective Chi-
nese cohort of 251 patients with IAs was compared with
338 patients with other cerebral conditions."* The analysis
revealed that smoking contributed to the likelihood of har-
boring an IA, along with sex, elevated blood glucose, and
arterial hypertension. A Japanese retrospective case-con-
trol study analyzed 266 patients with UIAs, 798 patients
with ruptured aneurysms, and 798 controls.!® Hyperlipid-
emia, heart disease, diabetes, and smoking were associ-
ated with the presence of a UIA. Rupture of aneurysms
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was associated with smoking only if the ruptured and UTA
groups were directly compared without prior age and sex
matching, raising the question of whether the association
was due to imbalanced baseline parameters.'® A retrospec-
tive case-control study including 300 patients with and 900
patients without IAs addressed the impact of statin use. It
confirmed the notion that smoking is associated with the
presence of UIAs? but not with rupture. In a comparison
of 206 aneurysm patients with 574 random controls, ac-
tive smoking, hypertension, and a family history of stroke
were associated with IAs. Inverse correlations were found
for hypercholesterolemia and physical exercise.*

It remains unclear to what extent previous reports were
exclusively focusing on aneurysmal SAH and to what ex-
tent longitudinal studies were affected by inclusion biases,
e.g., more readily offering intervention to smokers. More-
over, the higher incidence of SAH in Finland and Japan'
limits the applicability of studies in these regions to other
populations. In the context of the prospective, multicenter
@neurIST project, information about patients recruited
with IAs on a European scale was collected from Novem-
ber 1, 2006, onward.® The aim of the present study was
to assess whether smoking is associated with IA forma-
tion and whether smoking increases the risk of subsequent
rupture.



Methods

This analysis is based on the @neurIST database (No-
vember 1, 2006, to March 31, 2012) that includes consecu-
tive patients diagnosed with IAs from Geneva University
Hospital up to February 1, 2016. Ethics committee ap-
proval was obtained from all participating centers, and all
patients or their legal guardians gave written permission
for their inclusion. The @neurIST project includes patients
with incidental, symptomatic, or ruptured IAs and covers
demographic, clinical, and imaging parameters. For the
present study, we distinguished between patients followed
up or treated for UIAs (unruptured group) and those with
SAH (ruptured group). Age, sex, smoking status, and num-
ber of aneurysms (dichotomized into single and multiple)
were recorded, and data sets of 1410 consecutive patients
with full data were included.

Smoking Status

We adopted the standard definition proposed by the US
Centers for Disease Control and Prevention?! to categorize
patients as follows: never smokers, adults who have never
smoked a cigarette or who smoked fewer than 100 ciga-
rettes in their entire lifetime; former smokers, adults who
have smoked at least 100 cigarettes in their lifetime, but
say they currently do not smoke; nonsmokers, adults who
currently do not smoke cigarettes, including both former
smokers and never smokers; current smokers, adults who
have smoked 100 cigarettes in their lifetime and currently
smoke cigarettes every day (daily) or some days (nondai-
ly); and current nonsmokers, all individuals who are not
“current smokers.”

Reference Population

The prevalence of smoking in the 1410 IA patients was
compared with that of 302,095 controls adjusted for sex,
age, and country of origin based on Swiss and European
population surveys.?># Odds ratios comparing selected
groups of patients were used to address each specific ques-
tion. To consider confounding effects, subgroup analysis
and multiple logistic regressions were performed. The
analysis was conducted using the statistical programming
language R (version 3.4, R-Project 2017). Odds ratios and
confidence intervals were calculated, and the significance
level was set at p < 0.05. The Wilcoxon rank-sum test was
used to assess differences in smoking duration between
single and multiple TA groups.

Results

The study cohort included 1410 patients (985 females,
69.9%) with a mean age of 55.7 + 13 years (SD). Of 1410
patients, 785 patients presented with SAH (55.7%). Mul-
tiple IAs were present in 478 patients (33.9%). Seven hun-
dred ninety-three patients (56.2%) had a history of ever
smoking and 468 (33.2%) were actively smoking at the
time of recruitment. Baseline parameters are displayed in
Table 1.

Smoking habits in the reference populations were de-
rived from European national averages and adjusted to
the countries of participating centers. The proportion of

TABLE 1. Baseline parameter

p Value

Active vs

Value

Active vs Currently

Currently Not Never vs

Former
Smokers

Not Smoking

Former

Ever

Smoking*

Total (%) Never Smokers ~ Ever Smokers ~ Active Smokers

1410 (100)
55.71 (13.13)

942 (66.8)
57.53 (13.53)

793 (56.2) 468 (33.2) 325 (23.0)
52.07 (11.47)  58.02 (11.95)

54.50 (12.02)

617 (43.8)
57.26 (14.29)

No. of patients

<0.001f

<0.001f

<0.001f

Mean age, yrs (SD)
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* Includes never smokers.
t Statistically significant.
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TABLE 2. Proportion of smokers in the reference population and
in the @neurist cohort

Reference Population Full Cohort
(n=302,095) (n=1410)

Total Female Male Total Female Male
Never 48.6% 53.0% 38.2% 43.8% 48.3% 33.2%
smokers
Eversmok- 51.4% 47.0% 61.7% 56.2% 51.7% 66.8%
ers
Active 26.7% 24.7% 31.3% 33.2% 309% 38.4%
smokers
Former 248% 224% 304% 23.0% 20.7% 28.5%
smokers

ever smokers was higher in patients with IAs (56.2%)
than in the general population (51.4%; p < 0.001). In ac-
cordance with the data collected for our study popula-
tion, the proportion of smokers in the reference popu-
lation was divided into the categories of the Centers
for Disease Control and Prevention and is displayed in
Table 2.

A significant association of smoking with the presence
of an IA was found throughout group comparisons: ever
versus never (OR 1.21 [95% CI 1.05-1.40], p =0.01; n =
1410), active versus never (OR 1.38 [95% CI 1.16—-1.64], p
=0.002; n = 1085), and active versus all other groups (OR
1.37 [95% CI 1.16—-1.61], p = 0.001; n = 1410) (Table 3).

The presence of multiple IAs was also significantly as-
sociated with smoking: ever versus never (OR 1.40 [95%
CI 1.12-1.76],p =0.003; n = 1410), active versus never (OR
1.40 [95% CI 1.12-1.76], p = 0.003; n = 1410), and active
versus all other groups (OR 1.39 [95% CI 1.10-1.75], p =
0.005; n = 1410) (Table 3).

In contrast, the proportion of smokers suffering SAH
was similar to that of nonsmoking patients with IAs: ever
versus never (OR 0.92 [95% C10.745-1.15],p=048; n =
1410), active versus never (OR 0.91 [95% CI 0.71-1.15], p
=0.42; n = 1085), and active versus all other groups (OR
0.92[95% CI10.73-1.15], p = 0.46; n = 1410). Further group
comparisons are outlined in Tables 4 and 5.

Duration of smoking showed a trend toward an associa-
tion with multiple IAs. However, the difference in dura-
tion of smoking was small, at only 1.5 years’ difference
(solitary TA: 24.7 + 12.7 years; multiple TAs: 26.4 + 12.0

years [p = 0.057]). Gradual stepwise increases in the risk
of multiple IAs were seen as the duration of smoking in-
creased (Fig. 2).

Discussion
Smoking Is Associated With the Formation of 1As

The analysis of this large European sample indicates
that smoking is associated with a higher likelihood of
having an IA. The increased likelihood of smokers having
an IA may be due to several factors. The biological ef-
fects of smoking may change blood viscosity, modify wall
shear stress, and/or affect vessel wall remodeling.* It may
directly act on the vessel wall, increasing myeloperoxi-
dase generation® or tumor necrosis factor—o signaling,'®
which causes inflammation and remodeling. Interactions
between genes and smoking have been reported in the Fa-
milial Intracranial Aneurysms genome screen study. Ge-
netic variation on chromosome arm 7p (60cM) and smok-
ing showed logarithmic odds ratios increasing from 0.7 to
4.1 (p < 0.001) when using a model-independent linkage
analysis or an ordered subset analysis taking smoking into
account. The observation suggests a strong association fa-
voring IA formation in patients affected by both a genetic
predisposition and tobacco consumption.” A multitude of
factors results in IA formation and growth over a lifetime.
Although the identification of an individual at risk of hav-
ing an TA based on genetic and lifestyle data would be
desirable, rigorous screening criteria cannot presently be
derived from the data at hand.

Current Knowledge on Smoking and Aneurysm Formation

Smoking has been shown to be associated with the
formation of de novo aneurysms,'>* aneurysm multiplic-
ity,”® and aneurysm growth.> Association with IA rupture,
however, remains controversial. In a case-control study
comparing patients with ruptured IAs to patients with
unruptured IAs, current smoking was strongly associated
with SAH (OR 2.2 [95% CI 1.85-2.6]) in comparison with
never smokers. Former smoking was also significantly as-
sociated with rupture, and duration of cessation had no
effect on IA rupture (OR 1.6 [95% CI 1.3-1.9]).* A similar
study observed a strong dose-response relationship for in-
tensity and duration of smoking with risk of IA rupture,
but in contrast found no association of former smoking
with IA rupture.” Overall, it seems that IAs diagnosed in
smokers are more frequently located at the middle cere-

TABLE 3. Risks of aneurysm formation, multiple aneurysms, and rupture

Aneurysm Formation Risk Multiple Aneurysm Formation Risk Rupture Risk
No. of No. of p No. of
OR(95% Cl)  pValue Patients OR(95% Cl)  pValue Patients OR(95% Cl)  Value Patients
Ever vs never 1.21(1.05-1.40)  0.01 1410 1.40 (112-1.76)  0.003 1410 0.92 (0.745-1.15) 0.48 1410
Active vs never 1.38 (116-1.64)  0.002 1085  1.40(1.12-1.76) 0.003 1410 0.91(0.71-1.15)  0.42 1085
Active vs currently not smoking  1.37 (1.16-1.61) ~ 0.001 1410  1.39(1.10-1.75)  0.005 1410 0.92(0.73-1.15)  0.46 1410
Former vs never 1.03 (0.86-1.25)  0.72 942 1.26 (0.94-1.68) 0.11 942 0.95(0.73-1.26) 0.76 942
Active vs former 1.34 (1.06-1.71)  0.01 793  1.19(0.89-1.60) 0.24 793 0.94 (0.71-1.26)  0.69 793
Female vs male 2.32(1.99-2.70) <0.001 1410  1.62(1.27-2.09) 0.0001 1410 0.69 (0.55-0.88) 0.002 1410
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TABLE 4. Proportion of single and multiple aneurysms by sex
and smoking status

Schatlo et al.

TABLE 5. Proportion of ruptured and unruptured aneurysms by
sex and smoking status

No. of Patients (%)

No. of Patients (%)

Never Smoked Ever Smoked Total Never Smoked Ever Smoked Total
Female Female
Multiple 158 (43) 207 (57) 365 Unruptured 218 (47) 245 (53) 463
Single 318 (51) 302 (49) 620 Ruptured 258 (49) 264 (51) 522
Male Male
Multiple 25(22) 88 (78) 113 Unruptured 49 (30) 113 (70) 162
Single 116 (37) 196 (63) 312 Ruptured 92 (35) 171 (65) 263
Overall Overall
Total multiple 183 (38) 295 (62) 478 Total unruptured 267 (43) 358 (57) 625
Total single 434 (47) 498 (53) 932 Total ruptured 350 (45) 435 (55) 785
Total 617 (44) 793 (56) 1410 Total 617 (44) 793 (56) 1410

bral artery bifurcation and the anterior communicating
artery complex than IAs diagnosed in nonsmokers.?! De
novo aneurysm formation was not found to be associated
with smoking status in patients who had already suffered
an [A rupture.®® Passive smoking seems to not be associat-
ed with a higher risk of IA rupture in nonsmoking women
in China.!

Transverse Versus Longitudinal Study

Two options exist to gain insight into the risk of smok-
ing in a population. The most appealing, though lengthy,
possibility would be a longitudinal study in which patients
fulfilling a certain criterion—in this case, being diagnosed
with an [A—are followed up until rupture or death of oth-
er causes. One such example is a longitudinal study on the
natural course of spondylolisthesis, which was begun in
1955 and concluded in 2003." A novel source of longitu-
dinal data stems from a Korean health screening and pro-
motion program. As part of this effort, more than 18,000
subjects were screened using MRA, yielding a UIA rate
of about 2%. The rate of smokers in the UIA group (21%)
was not significantly higher than that in the unaffected
group (18%). Interestingly, when split by vascular territo-
ries, the presence of a middle cerebral artery aneurysm
was independently affected by smoking.?! This study did
not provide a longitudinal follow-up and therefore has thus
far not produced data on the risk of rupture. A meaningful
longitudinal design requires a decade-long commitment
and will be one of the future fruits of ongoing efforts in
maintaining multicenter registries such as @neurIST? and
the Swiss study on SAH (Swiss SOS).° Until data from
longitudinal studies become available, however, the trans-
verse approach remains the most useful tool to assess the
association of specific factors with the risk of a certain
event, in this case, IA rupture. We therefore performed a
transverse comparison of respective proportions of smok-
ers in normal population versus patients with UIAs and
ruptured [As, respectively. These data are unique in that
they are the result of a decade-long, high-quality prospec-
tive data collection drawing from multiple ethnicities
within one continent.

Influence of Smoking on Rupture: Biological Bias?

In the general population, smokers have a higher over-
all risk of suffering SAH in their lifetime.>* Interestingly
and in contrast with the finding of Juvela et al.,® but in
concordance with the observation in UCAS Japan,” our
data do not support the concept that smokers with an TA
have a higher relative risk of rupture than nonsmoking
patients with IAs. However, our data and those of others
provide robust evidence that there are more smokers in
the population of patients with IAs than in the normal
population. Since smokers are overrepresented in the
population of patients with IAs, their risk of suffering
an SAH is greater than that of nonsmokers in the general
population. The latter observation seems to be solely the
result of the increased prevalence of IAs in the smoking
population.?* Therefore, a selection bias may be inher-
ent when comparing the smoking population with their
nonsmoking counterparts, and special care needs to be
taken to use adequate patient groups to perform com-
parisons and derive conclusions. A more recent Finnish
study attempted to compare the decreasing rates of to-
bacco abuse with the declining incidence of SAH, but
the authors conceded that an association between both
observed phenomena is difficult to ascertain.?* While our
analysis reveals that stopping smoking will not reduce
the risk of SAH from a present IA, it is also suggestive
that duration of smoking may be associated with de novo
IA formation. The Rochester epidemiology study found
that the average size of IAs that did rupture was 7 mm,*
but ISUIA (International Study on Unruptured Intracra-
nial Aneurysms) and other studies found that aneurysms
smaller than 7 mm rarely ruptured.”” This has led to the
hypothesis that aneurysms form over a very short period
of time. In this short period of growth, risk of rupture
is at its peak, followed by a stable phase. Our data are
consistent with this hypothesis and that quitting smoking
may not necessarily affect the risk of subsequent rupture
after an IA has passed this initial period of risk during
formation."”** The practical question of whether smok-
ing cessation will have a tangible effect on the rupture
rate will require longitudinal analysis of the presented
cohort in the years to come, taking into account an un-
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FIG. 2. Multiple aneurysms and duration of smoking. A: Bar graph depicting the individual likelihood of having multiple aneurysms
(y-axis) over duration of smoking (in 10-year increments; x-axis). Visually, the risk of having multiple compared with solitary aneu-
rysms increases linearly with smoking duration. Duration of smoking was not available for 8 patients. B: Cumulative risk (y-axis)
is depicted over period of smoking (x-axis). The risk of having multiple aneurysms steadily increases with each year of smoking.
While the risk of having multiple aneurysms after less than 20 years of smoking increases by less than 10% (green lines), another
20 years of smoking triples the risk of multiple aneurysms to 30% (blue lines).

avoidable bias that active smokers are more likely to be
offered treatment than nonsmokers or smokers who quit
and therefore have shorter follow-ups. Aneurysm growth
has been suggested as a surrogate marker for aneurysm
rupture. Prospective longitudinal observations, although
reporting a trend, have thus far failed to demonstrate a
strong and significant effect of smoking on aneurysm
growth.?

Multiple Aneurysms

In a series of 266 SAH patients,”” smokers were found
to have a higher rate of multiple IAs. Our sample popu-
lation, which was was larger, included multiple European
centers, and was obtained in a more recent assessment pe-
riod, confirmed that smoking is associated with the for-
mation of multiple IAs. We observed that the duration of
smoking was associated—although not significantly—with
an increase in the proportion of patients with multiple IAs.
Smoking males had an almost 2-fold likelihood of devel-
oping multiple IAs. In contrast, the likelihood of females
developing multiple IAs was low enough to miss signifi-
cance. Male sex and smoking are risk factors for other
diseases of the vessel wall such as abdominal aortic an-
eurysms.**

Aneurysm Growth

Regarding the question of whether aneurysms in smok-
ing patients grow differently, there currently are insuf-
ficient data. The problem is that aneurysm growth is a
relatively rare event. A recent analysis from our group
revealed a 2.6% yearly aneurysm growth rate in patients
followed up for unruptured intracranial aneurysms.'> Due
to the small number of events (growth) observed (n = 32),
there were no detectable differences in smoking habits be-
tween stable and unstable aneurysm patients. Using data
from 10 studies on 2086 cases, we found no association
between aneurysm growth in smokers versus nonsmokers
(OR 1.2 [95% C109-1.6],p=0.23).
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Patient Counseling

The body of data suggesting that smoking contributes
to de novo formation of IAs is consolidating. The lifetime
risk of suffering an SAH is higher in smokers and appears
to correlate with the quantity of tobacco abuse.?* Contrary
to the Finnish cohort, which showed that smoking in-
creased the rupture risk,? but in keeping with the Japanese
data, which found no significant, if not an inverse, associa-
tion,?” our data do not warrant a clear-cut statement that an
IA in a smoking patient is more likely to rupture than that
in a nonsmoking patient. With more patients, the present
study may have found a trend toward a potential for in-
creased de novo IA formation in smokers, but this will re-
main speculative. These data alone are therefore unlikely
to deter patients with UIAs to abstain from smoking. The
association of smoking with a higher likelihood of suffer-
ing SAH or developing an IA seems anecdotal compared
with the scientifically established causal effect of smoking
on other diseases, which results in 440,000 deaths annual-
ly in the United States alone. Among others, diseases that
are now known to be caused directly by smoking include
several types of cancer, atherosclerosis, abdominal aortic
aneurysms, stroke, chronic obstructive pulmonary disease,
complications in pregnancy, cataracts, and increased risk
of surgical complications and hip fractures, as reviewed in
the comprehensive report of the surgeon general on smok-
ing.?® It will remain the duty of cerebrovascular special-
ists to address the topic with affected patients based on
the general health risks in addition to the data on IA and
stroke.

Conclusions

Providing information to patients and recommenda-
tions on lifestyle modifications supported by scientific ob-
servations are of paramount importance in daily neurovas-
cular practice. While our data do not support that quitting
smoking reduces the risk of IA rupture, they underline that
smoking cessation would reduce the formation of new [As,



which may thereby lower the risk of subsequent rupture.
This finding may reflect a potentially different biological
background of IAs in smokers and nonsmokers and in IA
formation and rupture.
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