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ABSTRACT

Objective: Smoking and family history of aneurysmal subarachnoid hemorrhage (aSAH) are inde-
pendent risk factors for aSAH. Using a population-based case-control study of hemorrhagic
stroke, we hypothesized that having both a first-degree relative with a brain aneurysm or SAH
(�FH) and current smoking interact to increase the risk of aSAH.

Methods: Cases of aneurysmal SAH were prospectively recruited from all 17 hospitals in the
five-county region around the University of Cincinnati. Controls were identified by random digit
dialing. Controls were matched to cases of aSAH by age (�5 years), race, and sex. Conditional
multiple logistic regression was used to identify independent risk factors. For deviation from the
additive model, the interaction constant ratio test was used.

Results: A total of 339 cases of aSAH were matched to 1,016 controls. Compared to current
nonsmokers with no first-degree relatives with aSAH (�FH), the odds ratio (OR) for aSAH for
current nonsmokers with �FH was 2.5 (95% confidence interval [CI] 0.9–6.9); for current smok-
ers with �FH, OR � 3.1 (95% CI 2.2–4.4); and for current smokers with �FH, OR � 6.4 (95% CI
3.1–13. 2). The interaction constant ratio, which measured the deviation from the additive model,
was significant: 2.19 (95% CI 0.80–5.99). The lower bound of the 95% CI �0.5 signifies a
departure from the additive model.

Conclusion: Evidence of a gene–environment interaction with smoking exists for aneurysmal sub-
arachnoid hemorrhage. This finding is important to counseling family members and for screening
of intracranial aneurysm (IA) as well as the design and interpretation of genetic epidemiology of IA
studies. Neurology® 2009;72:69–72

GLOSSARY
aSAH � aneurysmal subarachnoid hemorrhage; CI � confidence interval; GERFHS � Genetic and Environmental Risk Fac-
tors of Hemorrhagic Stroke; IA � intracranial aneurysm; ICH � intracerebral hemorrhage; ICR � interaction contrast ratio;
OR � odds ratio.

One of the challenges in genetic epidemiology of complex traits is identification of gene–
environment interactions. Environmental and behavioral factors may be necessary for trigger-
ing the manifestation of risk or benefit of some genetic variations, or enhancing the effect.
Current and past smoking has been consistently found to be associated with aneurysmal sub-
arachnoid hemorrhage (aSAH) and is considered to be the most significant modifiable risk
factor for aSAH.1,2 In population-based or cohort studies, 70–75% of persons with SAH have a
history of smoking, and 50–60% are current smokers.1,2 Smoking behavior is known to aggre-
gate within families, and similarly, a family history of brain aneurysm or aSAH have been
found to aggregate within families, independent of smoking.1,3,4

However, few studies have explored the possibility that current smoking and a positive
family history may interact to further increase the risk of aSAH than their individual risks.
Such evidence for a gene–environment interaction may have significant implications for
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screening family members of patients with an
aneurysmal SAH, analysis of genetic associa-
tion studies, and counseling of family mem-
bers regarding smoking behavior.

An additive or “no interaction” relation-
ship between risk factors is one in which the
presence of both factors yields a risk that is
equivalent to adding the individual risks to-
gether. An interaction occurs when the pres-
ence of both factors leads to a greater (or
lesser) risk of the outcome than simply adding
the individual risks. For most interactions,
however, a minority of cases will have both
risk factors (without bias, roughly equivalent
to the prevalence of each factor multiplied to-
gether). Thus, the power to identify interac-
tions using traditional logistic regression
methods is limited in power as a function of
the analytical technique. Newer methods to
identify interactions seek to identify a signifi-
cant departure from the additive model. We
used the interaction constant ratio as de-
scribed in Methods and estimated the 95%
confidence interval (CI) of the result to deter-
mine significance.

We hypothesized that current smoking and
having a first-degree relative were indepen-
dent risk factors and that the coexistence of

these risk factors was greater than additive in
risk.

METHODS The methods of the Genetic and Environmental

Risk Factors of Hemorrhagic Stroke (GERFHS) Study (Na-

tional Institute of Neurological Disorders and Stroke: NS36695)

have been published previously.5,6 Institutional Review Board

approval was obtained from all participating hospitals and in-

formed consent was obtained from all subjects. HIPAA authori-

zation was obtained from all subjects after April 2003. All

patients with a potential intracerebral hemorrhage (ICH) or

SAH who reside within 50 miles of the University of Cincinnati

are identified by surveillance of hospital emergency and radiol-

ogy departments and hospital discharge diagnoses.

Aneurysmal SAH was identified in patients with SAH by

review of neuroimaging, including CT, MRI, and angiography

scanning. Intracranial aneurysms (IA) were identified by CTA or

MRA if �4 mm, by cerebral angiography, or at autopsy. Fusi-

form aneurysms, aneurysms related to arteriovenous malforma-

tions, and subarachnoid hemorrhage related to trauma or brain

tumor were excluded. Patients were eligible if �18 years of age.

A subset of cases consented to direct interview and genetic

sampling (50% of all cases). This subset was previously reported

to be similar to non-interviewed cases with respect to major risk

factors such as smoking history and family history of aSAH by

chart abstraction.1 If a patient was unable to be interviewed, a

proxy was interviewed (99 cases). If the case agreed to be inter-

viewed, two matched controls (age � 5 years, race, and gender),

identified by random digit dialing (50% response rate of poten-

tial participants meeting demographic criteria), underwent an

identical interview that included smoking history, average pack-

years, and family history of brain aneurysm or subarachnoid

hemorrhage. As part of the overall GERFHS study, ICH cases

also had been interviewed and matched to controls. To maxi-

mize power for the current analysis by using three controls for

each case, an extra control from the pool of ICH controls, if

available, was matched to each aSAH case.

Statistical analysis was done using SAS, version 9.1 (SAS

Institute, Cary, NC). A mixed general linear model and condi-

tional logistic regression were used, as appropriate, to compare

cases to controls for the continuous and categorical variables. As

the study design involved matching, all analyses involved the use

of statistical methods for matched data. In order to investigate

the effect of family history of a first-degree relative with SAH or

IA and current smoking status on aSAH, conditional multiple

logistic regression was used. The initial model included a multi-

plicative interaction term; then further modeling incorporated

dummy variables that defined an additive interaction. The refer-

ence condition for the additive interaction was no family history

and no current smoking. The methodology described by Botto

and Khoury7 was used for examination of the multiplicative and

additive interaction effects and deviations from these assump-

tions. We estimated the deviation from the additive model using

the interaction contrast ratio (ICR).8 An ICR of 0 denotes an

additive interaction, and 0.5 or greater would be considered to
be greater than additive. With a lower 95% CI �0.5, we would
conclude that the interaction is more than additive.

RESULTS Between July 1998 and July 2006, we
recruited 339 cases of angiogram-confirmed aSAH.
All but one case was matched to three controls; the
remaining case had two control matches. Thus, there

Table 1 Subject characteristics

Variable Cases (n � 339) Controls (n � 1,016)

Age, y 51.2 � 12.9 51.6 � 12.8

Female 229 (67.6) 687 (67.6)

African American 70 (20.7) 209 (20.6)

Body mass index 26.9 � 6.3 28.9 � 7.3*

Current smoking 211 (62.2) 296 (29.1)*

Former smoking 54 (15.9) 311 (30.6)

Never smoking 74 (21.8) 409 (40.3)

Family history of subarachnoid hemorrhage
or brain aneurysm (first-degree relative)

37 (11.0) 42 (4.1)*

History of diabetes 22 (6.5) 108 (10.6)

History of hypertension 163 (48.1) 381 (37.5)*

Frequent alcohol use 42 (12.4) 46 (4.5)*

<High school education 71 (20.9) 93 (9.2)*

High school education 134 (39.5) 376 (37.0)

>High school education 134 (39.5) 547 (53.8)

Matched analysis for all except age, gender, and race. Data expressed as mean � standard
deviation or n (%).
*p � 0.001.
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were a total of 1,016 controls. Table 1 presents the
demographic data for the cases and controls. Because
controls were matched to cases on a case-by-case ba-
sis, there were no significant differences in the aver-
age age, percent female, or percent black between
cases and controls.

Table 2 presents the results for the analysis of fac-
tors representing the family history by smoking addi-
tive interaction. Both current smoking (p � 0.0001)
and a family history of brain aneurysm/SAH (p �
0.03) were independently associated with aSAH.
However, having both aSAH and a family history of
SAH was associated with a markedly increased risk of
aSAH (odds ratio � 6.4, p � 0.0001) after adjust-
ment for risk factors. These latter comparisons were
made using the absence of current smoking and a
family history of SAH as the referent group. We ex-
amined the models of both multiplicative and addi-
tive interactions. A formal test for a multiplicative
interaction was not significant (p � 0.80).

We then examined for deviation from the addi-
tive model using the ICR. The ICR was 2.19 with a
95% CI of 0.80 to 5.99. The lower bound of 0.80,
being �0.50, suggests departure from the additive
model. These models were adjusted for hypertension,
diabetes, frequent alcohol use, body mass index, and
education level.

DISCUSSION We report evidence of an interaction
between current smoking and the familial aggrega-
tion of IA/SAH. We were unable to find a similar
association with former smoking and family history
of IA/SAH, which suggests that the risk conferred by
an interaction may be lowered by quitting smoking.
This finding has relevance for both clinical manage-
ment as well as investigation of the genetic epidemi-
ology of aSAH. Clinicians should assess family
history and smoking exposure to quantify and de-
crease risk to family members of a patient with
aSAH. An understanding of the interaction between

smoking exposure and family history of aSAH is nec-
essary to enable future genetic research that will allow
us to best understand the biology of aneurysm for-
mation and rupture.

Clinically, family members of persons with aSAH
should be advised of the markedly increased risk for
aSAH with the combination of family history and
smoking exposure. While all smokers should be advised
to quit smoking, recent evidence suggests that a life-
altering event, specifically aSAH, has a significant im-
pact on the behavior of smoking9 and may also be used
in counseling family members about the importance of
not initiating smoking behavior. Information from the
current study may help to increase the potential for
quitting prior to life-threatening aSAH, which is fatal in
35–40% of patients.10

Our data also emphasize the importance of
screening family members with a family history of
aSAH who smoke. Our results are congruent with
the recent findings from the Familial Intracranial
Aneurysm Study, which reported identifying intra-
cranial aneurysms in 20% of family members with-
out a known history of IA when screened only if they
had a history of smoking or hypertension.11 This
high rate of detection suggests that the use of risk
factors may increase the yield of identifying unrup-
tured intracranial aneurysms in relatives of cases.

Almost all linkage studies for IA reported thus far
did not include smoking behavior.12-16 If a gene–
environment interaction exists, it is possible that
without analyzing this critical trait a potential factor
may have been missed. The Familial Intracranial An-
eurysm Study recently reported that three of four
chromosomal regions with possible linkage to IA ap-
peared to have greater effect in those families with
the heaviest smoking.11

A multiplicative interaction (the risk for a disease
in those with both risk factors is equal to or greater
than the multiplied risk ratios of each risk factor
alone) is the most parsimonious determination of in-
teraction. Restriction to accepting only this type of
interaction would eliminate the possibility of identi-
fying non-multiplicative interactions (e.g., the ob-
served risk for a disease in those with both risk factors
is greater than adding the individual risk ratios of
each risk factor separately).17,18 Our findings suggest
that we cannot reject a multiplicative interaction
(one may still exist). The use of the ICR test is inap-
propriate for diseases that are not rare (�5%). How-
ever, the test is appropriate for this phenotype given
the low prevalence (1% prevalence of IA).

One explanation for a non-multiplicative interac-
tion is that the same risk factor does not exist consis-
tently across all families and thus, a purely
multiplicative interaction is unlikely to be identified.

Table 2 Conditional logistic regression results for additive interaction model
of family history of intracranial aneurysm and smoking history

Cases
(n � 335)

Controls
(n � 1,016) Unadjusted OR Adjusted OR*

Family history and current smoking 25 16 8.9 (4.5–17.6) 6.4 (3.1–13.2)

Family history and former smoking 5 10 2.3 (0.7–7.2) 1.8 (0.5–6.4)

Family history, no smoking 7 16 2.6 (1.0–7.2) 2.5 (0.9–6.9)

No family history, current smoking 185 280 3.9 (2.8–5.5) 3.1 (2.2–4.4)

No family history, former smoking 48 298 0.9 (0.6–1.4) 0.8 (0.5–1.3)

Neither family history nor smoking 65 392 Reference Reference

Family history refers to family history of intracranial aneurysm/subarachnoid hemorrhage.
*Adjusting for history of diabetes, history of hypertension, frequent alcohol use, education,
and body mass index.
OR � odds ratio.
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Intracranial aneurysm is likely a complex polygenic
trait, and thus, different genetic factors may have dif-
ferent degrees of interaction with risk factors (smok-
ing and otherwise) that influence the result.

Familial aggregation of a particular phenotype
does not necessarily indicate a genetic factor has led
to that familial aggregation. Many nongenetic factors
such as behavioral or cultural aggregation of risk fac-
tors may explain a familial aggregation of a pheno-
type. However, we have included the major known
risk factors for aSAH and have found that the associ-
ation of a positive family history was independent of
their presence, which suggests this would have a lim-
ited impact on the finding. A reporting bias may also
occur among patients with IA/SAH compared to
controls wherein cases are more likely to report a
positive family history. However, we would antic-
ipate that the reporting rate would be similar be-
tween subjects with and without smoking.
Therefore the possibilities are that the finding is
spurious (requires confirmation), is associated
with some nongenetic familial factor that has not
been controlled for, or that provides evidence of a
gene– environment interaction.
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