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Three percent of the general population harbors an 
unruptured intracranial aneurysm (UIA).1 Reducing 

the risk of developing UIAs is an important method for 
reducing the incidence of aneurysmal subarachnoid hemor-
rhage (aSAH), which has remained relatively stable during 
the past decades.2

Female sex, a positive family history for aSAH or UIA, and 
polycystic kidney disease are nonmodifiable risk factors for 
UIAs.1 Hypertension and smoking are well-established modi-
fiable risk factors. Data on other modifiable risk factors, such 
as hypercholesterolemia, ischemic heart disease, diabetes 
mellitus, low body mass index, and excessive alcohol use as 
independent risk factors, are limited and sometimes conflict-
ing.3–5 Also, the joint effect of these risk factors is unknown.

The aim of the current study was to identify risk factors for 
UIAs from lifestyle and medical history data in a white popula-
tion and to study the joint effect of well-established risk factors.

Methods
Study Population
Between September 2006 and September 2009, we included 206 
patients who were known at the Utrecht Stroke Center of the 
University Medical Center Utrecht for having an UIA. Eligible 
were patients who had an UIA, who never had an aSAH, were 
18 years or older, and spoke Dutch. The UIA had to be confirmed 
by computed tomography angiography, magnetic resonance an-
giography, or conventional angiography. The study protocol was 
 approved by the medico-ethical review committee of our hospital. 
Between January 2009 and January 2010, 574 controls were re-
cruited from 5 different general practices in the catchment area of 
the Utrecht stroke center.6

Data Collection
All patients and controls were asked to fill in a structured question-
naire. We collected data on demographics (age, sex), height, weight, 
smoking, use of alcohol, and physical exercise. For medical history, 
patients were asked whether they had been diagnosed with having 
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diabetes mellitus, heart disease, hypertension, hypercholesterol-
emia, or migraine. We also collected data on family history of stroke 
(aSAH or other).6 Obesity was defined as a body mass index ≥30 
according to the World Health Organization classification.7 Smoking 
was defined as smoking at the time of diagnosis of the UIA (pa-
tients) or at the time of interview (controls). Excessive alcohol use 
was defined as ≥18 U (ie, ≥150 g) per week.8 Regular physical activ-
ity was defined as vigorous physical exercise (metabolic equivalent 
>6) >3 times a week.9 For history of heart disease, we included those 
persons who had a myocardial infarction, angina pectoris, coronary 
artery bypass grafting, and percutaneous transluminal coronary arte-
rioplasty. In UIA patients, diagnoses of diabetes mellitus, hyperten-
sion, heart disease, and hypercholesterolemia were checked against 
medical records to confirm that the diagnosis had been made before 
discovery of the UIA. For these diagnoses, it was adequate if they 
were listed in the medical record as past medical history. We did not 
check blood pressure values, blood glucose levels, or blood choles-
terol levels assessed in hospital because these diagnoses are usually 
made by the general practitioner who also installs treatment.

Family history was based on the information from the question-
naire. In patients with an UIA, we collected data on the indication 
for imaging from their medical records and predefined 5 categories 
as follows: (1) atherosclerotic disease (including transient ischemic 
attack and stroke, but not aSAH), (2) positive family history for UIA 
or aSAH, (3) headache, (4) screening without obvious medical indi-
cation, and (5) other.

Statistical Analysis
All variables listed in Table 1 were assessed as possible risk factors. 
The controls we used for the current study had also served as controls 
in a previous case-control study for which they had been matched for 
sex and age with a cohort of patients with aSAH.10 Because the age 
and sex distribution of patients with aSAH and patients with UIAs did 
not differ to a large extent, the controls were approximately matched 
for sex and age with the group of UIA patients as well. For this rea-
son, we were unable to study age and sex as risk factors for UIAs. 

Because a family history of aSAH or UIA or a history of (transient) 
cerebral ischemia was often the reason for detecting the aneurysm, 
we also decided not to study these factors because of the high likeli-
hood of selection bias.

Univariable analyses were performed to calculate crude odds ra-
tios (OR) with 95% confidence intervals (CI). Subsequently, we per-
formed a multivariable backward stepwise logistic regression analysis 
to identify independent risk factors. Risk factors with P value <0.05 
were considered statistically significant.

Because many patients with an UIA had imaging because of athero-
sclerotic disease, we did 2 sensitivity analyses to investigate the role 
of selection bias. First, we did an analysis excluding UIA patients who 
were investigated for atherosclerotic disease. Second, we did an analy-
sis excluding all UIA patients and controls with a history of stroke. 
Because a considerable proportion of patients with an UIA were 
screened because of a positive family history, we also performed a 
sensitivity analysis to investigate the role of a family history of aSAH.

In an additional logistic regression analysis, we assessed the joint 
effect of smoking and hypertension, which are the most established 
risk factors of UIAs.

Results
Study Population
The baseline demographic data and risk factor data of cases 
and controls are summarized in Table 1. Reasons for imag-
ing in UIA patients were atherosclerotic disease (23%), posi-
tive family history for UIA or aSAH (18%), headache (8%), 
screening without obvious medical indication (3%), and 
other (46%).

Risk Factors for UIAs
Current smoking, hypertension, and family history of stroke— 
all 3 independently increased the risk of UIAs; hypercholester-
olemia and regular physical exercise independently decreased 
the risk of UIAs (Table 2).

Current smoking and history of hypertension were the 
strongest independent risk factors (Table 2). In the sensitivity 
analysis excluding UIA patients who were investigated for 
atherosclerotic disease and in the sensitivity analysis excluding 
all UIA patients and controls with a history of stroke, we found 
that point estimates for smoking, a history of hypertension, or 
hypercholesterolemia remained essentially the same, although 
the OR for hypercholesterolemia was no longer statistically 
significant because of wider CIs attributable to the smaller 
sample size (Table I in the online-only Data Supplement).

In the sensitivity analysis excluding patients with a fam-
ily history of aSAH, point estimates remained essentially the 
same, although the OR for hypercholesterolemia and a family 
history of stroke were no longer statistically significant (Table 
I in the online-only Data Supplement).

The joint risk of smoking and hypertension (OR, 8.3; 95% 
CI, 4.5–15.2) was higher than the sum of the individual risks 
for smoking (OR, 3.0; 95% CI, 2.0–4.4) and hypertension 
(OR, 2.9; 95% CI, 1.9–4.6) (Table 3).

Discussion
Current smoking, hypertension, and family history of stroke 
other than aSAH increase the risk of UIA, whereas hypercho-
lesterolemia and regular physical exercise decrease this risk. 
Smoking and hypertension combined yielded a higher risk 
increase than expected on basis of the individual components.

Table 1. Characteristics of the 206 Patients With an UIA and 
574 Population-based Controls

Characteristics
Patients With UIA  

(n=206)
Controls  
(n=574)

Men, n (%) 68 (33.0) 177 (30.8)

Mean age, y 54.6 54.8

Alcohol use, n (%) 173 (84.0)* 475 (83.2)*

 Alcohol ≥18 U/week, n (%) 26 (12.6)* 67 (11.7)*

Smoking, n (%) 96 (46.8)* 138 (24.1)*

Body mass index ≥30, n (%) 32 (15.8)* 72 (12.9)*

Vigorous exercise ≥3 times/wk, n (%) 35 (17.2)* 147 (25.7)*

Medical history, n (%)

 Hypertension 77 (38.1) 104 (19.0)*

 Hypercholesterolemia 26 (14.4)† 76 (14.9)†

 Diabetes mellitus 9 (4.4)* 26 (4.6)*

 Atrial fibrillation 5 (2.6)* 10 (1.8)*

 Heart disease 12 (6.0)* 37(6.7)*

 Migraine 14 (7.0)* 62 (11.1)*

Family history, n (%)

 Stroke‡ 62 (32.5) 127 (22.7)*

 Myocardial infarction 22 (11.4)§ 40 (7.2)*

UIA indicates unruptured intracranial aneurysm.
*<5% missing data; §5% to 10% missing data; †10% to 15% missing data; 

‡including ischemic and hemorrhagic stroke, but excluding subarachnoid 
hemorrhage.
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Other studies also found smoking and hypertension to be 
strong and independent risk factors for UIAs.3–5,11,12 The novel 
finding that smoking and hypertension have an additive effect 
suggests a synergism between these 2 prominent risk factors 
in the development of UIAs.

A family history of aSAH or UIA was the primary reason 
for imaging in one fifth of the UIA patients. Therefore, we 
could not study this factor. Although we found that a fam-
ily history of stroke other than aSAH also increases the risk 
for UIAs, these data should be interpreted with caution. 
Family members are known to have difficulty differentiating 
between ischemic stroke, intracerebral hemorrhage, and SAH. 
Therefore, the association with family history of stroke might 
be attributable to misclassification.13 We could not compare 
our findings on family history of stroke with other studies 
because we did not find reports on this issue.

Our data on hypercholesterolemia are somewhat in contrast 
to previous data. Japanese investigators reported that hyper-
cholesterolemia increases the risk of UIAs, whereas a Chinese 
study found no effect.3,4 Our data show that hypercholester-
olemia decreases the risk of UIAs, which is more plausible 
because it also decreases the risk of aSAH, at least in our 
European population.8,10 The differences in findings between 

our study and previous studies may be explained by the dif-
ference in populations (whites versus Asians), the difference 
in controls (randomly retrieved from the general population 
in our study versus hospital-based controls in others), and the 
different methods used for data acquisition (questionnaire 
combined with medical records in our study versus review of 
medical records only in others). Our results on hypercholes-
terolemia may also be explained by the use of statins because 
a recent animal study has shown an association between 
statins and reduction of UIA formation.14 However, a recent 
study in humans found no significant beneficial effect on UIA 
development.5 Because of the small number of cases and con-
trols using statins, we were unable to study the role of statins 
in our population.

Physical exercise decreased the risk of UIAs in our study. 
We could not find other studies reporting on physical exercise 
as an independent risk factor for UIAs. Previous research on 
risk factors for aSAH has shown a trend toward a decrease 
in risk with regular exercise,8,10 but 2 case-crossover studies 
have also shown that, in the acute phase, physical exercise can 
trigger the rupture of an intracranial aneurysm.6,15 However, 
the population attributable risk of physical exercise as a 
trigger factor is small and exercise also has a beneficial effect 
on other cardiovascular diseases. Therefore, we still advise 
patients at risk for UIAs and aSAH to engage in regular 
physical exercise.6,15,16

Selection bias is a potential limitation of our study, which 
may have influenced our results. First, we were unable to study 
family history of a SAH or a history of stroke as risk factors 
because this was the reason for imaging in many patients with 
UIAs and therefore influenced by selection bias. However, 
we have shown in a sensitivity analysis that point estimates 
remained virtually the same after the exclusion of patients with 
a positive family history. Second, in our multivariable analysis, 
only hypertension and smoking were statistically significant 
risk factors associated with an increased risk of UIA develop-
ment. Because smoking and hypertension are risk factors for 
atherosclerosis, and many patients with an UIA had cerebral 
imaging because of atherosclerotic disease, we considered the 
possibility that the results on smoking and hypertension had 
been influenced by selection bias. In multivariable analysis, 
only hypertension and smoking were statistically significant 
atherosclerotic risk factors associated with an increased risk. 
To study the possible effect of selection bias on our results 
for smoking and hypercholesterolemia, we did 2 sensitivity 
analyses excluding patients screened for atherosclerotic dis-
ease or with a history of stroke, and found that point estimates 
for smoking and hypercholesterolemia remained virtually the 
same. Third, the risk of smoking could be somewhat underesti-
mated because former smokers were classified as nonsmokers.

Our study has several strong points. First, because both 
patients with UIAs and controls came from the same catch-
ment area, we were able to study risk factors for aneurys-
mal rupture in a rather defined population. Second, we only 
selected UIA patients without a history of aSAH. Third, we 
had access to individual patient data that allowed multivari-
able analysis, including a large number of potential risk fac-
tors and allowed us to study the interaction between the 2 most 
well-established risk factors.

Table 2. Risk Factors for Unruptured Intracranial Aneurysms

Univariable Analysis  
(n=780) OR (95% CI)

Multivariable Analysis  
(n=615) OR (95% CI)

Alcohol ≥18 U/week, n (%) 1.1 (0.7–1.8) …

Smoking 2.8 (2.0–3.9) 3.0 (2.0–4.5)

Body mass index ≥30 1.3 (0.8–2.0) …

Vigorous exercise ≥3 times/week 0.6 (0.4–0.9) 0.6 (0.3–0.9)

Medical history

 Hypertension 2.6 (1.8–3.7) 2.9 (1.9–4.6)

 Hypercholesterolemia 1.0 (0.6–1.6) 0.5 (0.3–0.9)

 Diabetes mellitus 0.9 (0.4–2.1) …

 Atrial fibrillation 1.4 (0.5–4.2) …

 Heart disease 0.9 (0.5–1.7) …

 Migraine 0.6 (0.3–1.1) …

Family history

 Stroke* 1.6 (1.1–2.4) 1.6 (1.0–2.5)

 Myocardial infarction 1.7 (1.0–2.9) …

CI indicates confidence interval; and OR, odds ratio.
*Including ischemic and hemorrhagic stroke, but excluding subarachnoid 

hemorrhage; ... indicates not statistically significant in multivariate analysis.

Table 3. Interaction Between Smoking and Hypertension for 
the Risk of UIA

Patients With UIA  
(n=206)

Controls  
(n=574) OR (95% CI)

No smoking, no hypertension 65 353 Ref

Smoking, no hypertension 64 117 3.0 (2.0–4.4)

Hypertension, no smoking 45 83 2.9 (1.9–4.6)

Smoking and hypertension 32 21 8.3 (4.5–15.2)

CI indicates confidence interval; OR, odds ratio; and UIA, unruptured 
intracranial aneurysm.
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Current smoking and hypertension increase the risk of UIA 
and have combined a higher risk than the sum of the separate 
risks. Smoking and hypertension are also important risk factors 
for aSAH. Whether the increased risk for aSAH from smoking 
and hypertension is only caused by an increased risk for UIA 
or also by an increased risk of rupture of an already exist-
ing UIA should be investigated in future studies. Improving 
lifestyle by not smoking, treating hypertension, and regular 
exercise, probably reduces the risk of UIA and maybe also 
that of aSAH. Why hypercholesterolemia, on one hand, is 
associated with increased risk of atherosclerotic diseases and, 
on the contrary, with a decreased risk of UIA should be further 
investigated. If the risk decreasing effect of hypercholesterol-
emia is mediated by statin use, statins might be an additional 
treatment option for decreasing the prevalence of UIAs and 
thereby the incidence of aSAH.
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