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ROLE OF DIET-RELATED FACTORS IN CEREBRAL ANEURYSM
FORMATION AND RUPTURE

Anna Czekajto’

Department of Dietetics, Wroclaw Medical University, Faculty of Health Sciences, Wroclaw, Poland

ABSTRACT

Cerebral aneurysms (CAs) are dilations of the wall of an artery in the brain filled with blood. The prevalence of unrupted
CA in general population is estimated at approximately 3%. Ruptured aneurysms are the cause of 85% of spontaneous
subarachnoid hemorrhage (SAH) cases. The formation of cerebral aneurysms results from various factors, including chronic
inflammation, hemodynamic stress and vascular wall remodeling. Reactive oxygen species may induce the endothelial
dysfunction possibly through the activation of Nuclear Factor Kappa-B, which is a key regulator of the proinflammatory
genes. Hypertension may additionally increase the hemodynamic stress and activate the local renin-angiotensin system.
The aim of this review was to assess the role of selected diet-related factors in the formation and rupture of cerebral
aneurysms. It appears that inadequate intake of dietary antioxidants, hyperhomocysteinemia, hypertension (including
incidental elevated blood pressure) and alcohol consumption may increase the risk of intracranial aneurysms. Individuals
at high risk of CA formation and/or rupture should consume adequate amounts of antioxidant vitamins (vitamin C, vitamin
E and carotenoids), B vitamins (vitamin B,, vitamin B, and folate), flavonoids and n-3 fatty acids, limit alcohol and
caffeine consumption and regularly control their blood pressure. Vegetables, fruits, grains, pulses, nuts and fish, as well
as herbs, spices and tea, should be the major components of the daily diet. Due to the synergistic effect of various dietary
components on health, Mediterranean diet or Dietary Approach to Stop Hypertension (DASH) diet, as they meet above-
mentioned requirements and have high anti-inflammatory potential, are thus recommended for the prevention of cerebral
aneurysm formation and rupture.
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STRESZCZENIE

Tetniaki mézgu to ograniczone poszerzenia swiatta naczynia krwiono$nego wypehione krwig. Wystgpowanie tetniakow
modzgu w ogolnej populacji wynosi okoto 3%, a peknigcie tetniaka jest przyczyna 85% przypadkoéw krwotoku do przestrze-
ni podpajeczynéwkowej. Na powstanie tetniaka mozgu wptywa wiele czynnikow, w tym przewlektly stan zapalny, stres
hemodynamiczny i przebudowa $cian naczyn mézgowych. Reaktywne formy tlenu moga nasila¢ dysfunkcj¢ srodblonka
m.in. poprzez aktywacj¢ jadrowego czynnika transkrypcyjnego NF-«B, ktory jest gtownym regulatorem genow zwigza-
nych z przebiegiem procesu zapalnego. Ponadto wysokie ci$nienie tetnicze krwi moze nasilac stres hemodynamiczny oraz
aktywowac lokalny uktad renina-angiotensyna-aldosteron. Celem artykutu byt przeglad pismiennictwa dotyczacego roli
wybranych czynnikoéw zwigzanych z dieta i z ryzykiem powstania i pgknigcia tgtniakoéw mozgu. Wydaje sie, ze niewystar-
czajaca podaz sktadnikow o dzialaniu antyoksydacyjnym, hiperhomocysteinemia, nadcisnienie tgtnicze (w tym nagte skoki
cisnienia tgtniczego krwi) oraz spozycie alkoholu moga zwigkszac ryzyko rozwoju tetniakéw mozgu. Osoby o podwyzszo-
nym ryzyku powstania i/lub pgknigcia tetniaka mézgu powinny wige stosowac diete o odpowiedniej zawartosci witamin
antyoksydacyjnych (witamina C, wit. E i B-karotenu), witamin z grupy B (witamina B, witamina B , i foliany), flawo-
noidow i kwasow thuszczowych z rodziny n-3, ograniczy¢ spozycie alkoholu i kofeiny, a takze regularnie monitorowac
wartosci ci$nienia tgtniczego krwi. Stosowana dieta powinna by¢ bogata w warzywa, owoce, produkty zbozowe, nasiona
ro$lin straczkowych, orzechy i ryby, jak rowniez przyprawy, ziota i herbate. Ze wzgledu na synergistyczny efekt dzialania
roéznych sktadnikow diety na zdrowie, w prewencji tetniakow mozgu rekomendowane powinny by¢ diety: srédziemno-
morska i DASH, charakteryzujace si¢ odpowiednia zawartoscia wymienionych sktadnikow oraz wysokim potencjatem
antyoksydacyjnym.

Stowa Kkluczowe: tetniaki mozgu, dieta, podaz antyoksydantow, nadcisnienie tetnicze, hiperhomocysteinemia, spozycie
alkoholu
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INTRODUCTION

Cerebral aneurysms (CAs) are defined as dilations
of the wall of an artery in the brain filled with blood.
The worldwide prevalence of unrupted CA is estimated
at approximately 3% [47]. Brain aneurysm may
remain asymptomatic, cause non-specific neurological
symptoms (as change in vision or dilated pupil), leak
or rupture. The symptoms of a ruptured cerebral
aneurysm usually include severe headache, nausea and
vomiting, stiff neck, seizure and loss of consciousness
[11]. Ruptured aneurysms are the cause of 85% of
spontaneous subarachnoid hemorrhage (SAH) and are
fatal in about 40% of cases. The annual rate of SAH is
approximately 6-16 per 100 000 people [55].

CAs are usually diagnosed using an magnetic
resonance imaging (MRI) or a computerized
tomography (CT) scan. The incidence of SAH is higher
in women than in men and increases with age. Medical
factors associated with the incidence of unrupted CAs
are: family history of aneurysm or SAH, autosomal
dominant polycystic kidney disease, connective tissue
disorders, intracranial arteriovenous malformation
and coarctation of the aorta. Common modifiable risk
factors include also cigarette smoking, hypertension,
drug abuse and heavy alcohol consumption [21, 47].
Diet is rarely mentioned as a direct risk factor for CA
formation or rupture, however it indirectly participates
in the pathogenesis of CAs but also may affect other
risk factors.

The aim of this review was to assess the role of
dietary intake and selected diet-related factors in the
formation and rupture of cerebral aneurysms.

PATHOPHYSIOLOGY OF CEREBRAL
ANEURYSMS

The formation of cerebral aneurysms results from
the multifactorial mechanisms, however it is believed
that the key factor that determines the development
of this process on a structural level is a defect of the
cerebral arteries. The weakening of the wall of an
artery may cause the disruption of the internal elastic
lamina. Moreover, the reconstitution of the collagen
fiber results in the additional collagen and elastin
degradation which leads to the artery wall remodeling.
All these processes may cause the inner membrane
to bulge and form aneurysms [13]. Recently, several
genes and genetic loci were found to be related to
the development of cerebral aneurysms but obtained
results seems to be rather group-specific due to the
strong population heterogeneity [46]. Nonetheless, the
prevalence of unrupted CAs appears to be significantly
higher among the first-degree relatives of those
affected with brain aneurysms (19.1%) compared with
the general population (2-3%) [7].

Structural remodeling of the cerebral arteries
may be modulated by hemodynamic and oxidative
stress. High levels of free radicals, mainly superoxide
(O,#) and hydrogen peroxide (H,O,), induce chronic
inflammation and cell injury. The possible sources
of free radicals in cerebral arteries are vascular
nicotinamide adenine dinucleotide phosphate oxidase
(NADPH), hemeoxygenase-1 (HO-1) and inducible
nitric oxide synthase (iNOS). Aoki et al. [3] observed
that reactive oxygen species (ROS) were overproduced
in the aneurysmal walls, while the deletion of the ROS-
producing gene, p47phox, inhibited CAs formation
and decreased inflammation level in aneurysmal walls.

ROS may affect the endothelial dysfunction
primarily through the activation of Nuclear Factor
Kappa-B (NF-kB) which is a key regulator of the
proinflammatory genes, including vascular cell
adhesion molecule-1 (VCAM-1) and monocyte
chemoattractant protein-1 (MCP-1). MCP-1 induces
macrophage recruitment and its inactivation was
shown to inhibit CAs formation in animal models
[1]. Endothelial dysfunction is followed by smooth
muscle cell phenotypic modulation and eventually
cell apoptosis. It appears that the level of macrophage
infiltration and smooth muscle cells proliferation is
associated with the risk of aneurysm rupture [14].

Inflammation may be exerted by coexisting
hypertension, which increases hemodynamic stress
and activates the local renin-angiotensin system
(RAS). RAS can control vascular remodeling not
only through smooth muscle cell migration and
proliferation, but also by the activation of NF-kB [25,
43]. All the above-mentioned mechanisms may be also
intensified by cigarette smoking which is considered
as an independent but modifiable risk factor for
cerebral aneurysm formation and rupture. Woo et
al. [50] observed that the odds ratio for aneurysmal
subarachnoid hemorrhage in group of current smokers
without family history of SAH was 3.1 (95% CI
2.2-4.4) compared to current nonsmokers. Smoking
may increase wall shear stress, cause endothelial
dysfunction and smooth cell proliferation and intensify
inflammatory response through various mechanisms,
including extracellular signal-regulated protein kinase
1 and 2 (ERK1/2) and NF-«xB pathways [10].

DIET-RELATED RISK FACTORS FOR
CEREBRAL ANEURYSM FORMATION
AND RUPTURE

Antioxidant intake

As oxidative stress and inflammation play a key role
in cerebral aneurysms formation and rupture, therapies
focused on the inhibition of inflammatory cascade
may provide a beneficial effect on CAs prevention
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and treatment. In animal models, anti-inflammatory
agents, such as tolylsam (metalloproteinase-2, -9 and
-12 inhibitor), edaravone (free radical scavenger) and
celecoxib (cyclooxygenase-2 (COX-2) inhibitor),
decreased the size and the incidence of advanced
CAs [2-4]. Hasan et al. [17] observed that the risk of
subarachnoid hemorrhage was lower in patients with
unrupted CAs who used aspirin, which is known as a
COX-2 inhibitor, compared with those who never used
acetylic acid.

Dietary components with antioxidant activity
include carotenoids, vitamin C, vitamin E and
flavonoids. In various studies antioxidant intake was
inversely associated with the risk of cardiovascular
disease, coronary heart disease, stroke and
cardiovascular/total mortality [5, 9, 20]. The
cumulative effect of dietary antioxidants may be
illustrated by total antioxidant capacity (TAC) index
which is also considered as an indicator of the quality
of the diet [32]. Rautiainen et al. [34] shown that total
antioxidant capacity was associated with lower risk of
hemorrhagic stroke among women with the history of
cardiovascular diseases (the hazard ratio for the highest
vs. lowest quartile of TAC 0.55; 95% CI 0.32-0.95; p
for trend 0.03). In a study performed by Colarusso et
al. [12] women in the highest quartile of antioxidant
capacity had a 27% lower HR of total stroke in
comparison with women in the lowest quartile (95%
CI1 0.53-0.99; p for trend 0.03).

Marzatico et al. [24] showed that systemic
plasmatic levels of vitamin A and vitamin E were
lower in patients suffering from SAH compared with
controls with unrupted CA (p=0.038 and 0.0158,
respectively), while the activity of A1AT, an enzyme
inhibitor that protects the tissues from inflammatory
damage, was reduced in group of patients with SAH
(p=0.019). According to authors, reduced antioxidant
status and consequent oxidative stress might increase
the sensibility of alphal-antitrypsin (A1AT) to
oxidative reactions and influence the rupture of brain
aneurysms. In a study performed by Gopal et al. [16]
the injection of angiotensin II, a regulatory peptide
involved in maintaining homeostasis of cardiovascular
system, induced cerebral aneurysm formation in ApoE
-/- mice by modulating the mRNA levels of matric
metalloproteinases (MMPs), plasminogen activators
and adhesion molecules. B-carotene supplementation
regulated the expression of above-mentioned genes,

reduced the circulating macrophage levels and
prevented aneurysm formation.
Curcumin (diferuloylmethane) is the main

curcuminoid of turmeric (Curcuma longa) having
anti-inflammatory and radical scavenging properties.
Antioxidant effect of curcumin may be associated
with the inhibition of pro-inflammatory enzymes,
including COX-2, iNOS and lipoxygenase (LOX).

Oral administration of curcumin reduced the activity
of NF-«B and lowered aortic concentrations of pro-
inflammatory cytokines and tissue remodeling in
experimental abdominal aortic aneurysms [30]. Bo
et al. [6] observed that curcumin decreased apoptosis
in cerebral aneurysm-induced smooth muscle cells of
male albino rats possibly through the reduction of the
pS3 expression.

In a case-control study performed by Okamoto
et al. [26], involving 201 patients with incident SAH
and 201 controls, the antioxidant intake score was
associated with the reduced risk of subarachnoid
hemorrhage after adjustment for confounding
variables (lowest vs. highest score: OR 0.54; 95% CI
0.30-0.99). An antioxidant intake score was estimated
for each participant based on the data from the food
frequency questionnaire (FFQ). Food products from
the FFQ were grouped into five categories: green/
yellow vegetables, fruits, soy products, rice and tea.
Antioxidant intake from dietary supplements was not
considered in the study. Dietary pattern characterized
by high intake of soy products was associated with
lower risk of SAH (highest vs. lowest quartile: OR
0.46; 95% CI 0.18-0.88) [27]. The highest risk for
SAH was observed in group of participants who rarely
consumed soy products and simultaneously smoked
cigarettes (OR 5.3; 95% CI 2.0-14.3). Less frequent
intake of soy products was related to elevated risk of
SAH independently of smoking habits [28]. Habitual
green tea consumption was associated with decreased
risk of SAH. Individuals consuming >1 serving per day
had ORs of 0.56 (95% CI 0.32-0.98) in comparison
with these who did not consume green tea (p for trend
<0.001) [29].

Hyperhomocysteinemia

Homocysteine (Hcy) is a sulfur amino acid
biosynthesized from the essential amino acid methionine.
Elevated serum Hcy level is considered an independent
risk factor for cardiovascular diseases. Peng et al.
[31] observed that the highest compared to lowest
homocysteine level categories were associated with a 66%
increased risk of coronary heart disease mortality (RR
1.66; 95% CI 1.12-2.47; p=0.012), 68% increased risk
of cardiovascular mortality (RR 1.68; 95% CI 1.04-2.70;
p=0.033) and 93% increased risk of all-cause mortality
(RR 1.93; 95% CI 1.54-2.43; p<0.001). According to
Wald et al. [49] the reduction of blood homocysteine
level by 3 umol/l might reduce the risk of deep vein
thrombosis by 25% (8%-38%), stroke by 24% (15%-
33%) while ischemic heart disease by 16% (11%-20%).
In a meta-analysis of seven studies performed by Zhou
et al. [54] Hey levels were significantly higher in group
of patients with intracerebral hemorrhage compared to
healthy controls (standard mean difference0.59; 95%
CI10.51-0.68, p<0.001).
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Xu et al. [52] observed that a high L-methionine
diet (lg/kg/d) was related to increased plasma
homocysteine levels and accelerated cerebral
aneurysm formation after ligation of the left common
carotid artery in rats. Methionine treatment increased
the expression of INOS, MMP-2, MMP-9 and vascular
endothelial growth factor (VEGF) in aneurysmal
walls, what indicates the possible effect on vascular
wall modeling in a rat model. In another study
subarachnoid hemorrhage resulting from aneurysm
rupture was observed more frequently in rats with
methionine-induced hyperhomocysteinemia compared
to controls (p<0.05). The level of interleukin-6 (IL-6),
mRNA level of MMP-9 and the ratio of MMP-9 to
the tissue inhibitor of metalloproteinase-2 (TIMP2)
were also higher in group of methionine-treated rats
(p<0.05) [22].

Hyperhomocysteinemia as a risk factor for
intracranial aneurysms in human was analyzed in a case-
control study performed in Chinese population. The
serum homocysteine level was significantly higher in
group of patients with intracranial aneurysms compared
to aneurysm-free controls  (19.98+10.84 umol/L
vs. 15.13+£5.55 pumol/L; p<0.001). Total Hcy Ilevel
>15 pumol/L was associated with higher risk of CA
development (adjusted OR 2.196; 95% CI 1.188-4.057;
p=0.012) [36]. Nevertheless, in a study performed by Rosi
et al. [37] in Brazil, median homocysteine serum level
was similar in group of patients with CA in comparison
with controls (10.5 pumol/L [8.3-14.0] vs. 10.7 pumol/L
[8.2-13.3]; p=0.450). No statistically significant
difference in the prevalence of hyperhomocysteinemia
was observed in group of patients and controls (20.4%
vs. 7.9%, respectively; p=0.073).

Elevated Hcy levels may result from nutritional
deficiencies of folate, vitamin B, and B,,. Although
the results of studies concerning the beneficial
effects of reduction of serum Hcy on cardiovascular
diseases and mortality are not conclusive, it appears
that adequate vitamin B intake may possibly protect
from intracranial aneurysm formation. Ren et al. [36]
observed that serum homocysteine level was negatively
correlated with vitamin B, and folate levels in group
of individuals with CAs (r=-0.531; p<0.001 and r=-
0.349; p<0.001, respectively). In a study performed by
Korai et al. [22] folic acid eliminated the unfavorable
effect of methionine on aneurysm growth in rats, what
indicates a relationship between elevate Hey level and
CAs formation.

Hypertension

Hypertension is one of the most common risk
factors for aneurysm formation and rupture. The mean
incidence of pre-existing hypertension was observed
in 43.5% of individuals with intracranial aneurysm
compared to 24.4% in the general population [18].

In a study of Isaksen et al. [19] mean systolic blood
pressure (BP) was higher in patients with aneurysmal
subarachnoid hemorrhage compared to controls (154.0
+ 32.5 mmHg vs. 136.3 + 23.3 mmHg; p=0.017). An
increase in systolic BP of20 mmHg was an independent
risk factor for SAH (OR 2.46; 95% CI 1.52-3.97).

According to the Guidelines for the management
of patients with unruptured intracranial aneurysms
defined by the American Heart Association/American
Stroke Association in 2015, individuals with unrupted
CA should monitor their blood BP and undergo anti-
hypertensive treatment [44]. In a study performed by
Tada et al. [43] the normalization of blood pressure
after CA formation prevented aneurysm rupture in
mice and the effect was dose-dependent. The use of
anti-hypertensive agents reduced the risk not only by
decreasing BP but also by inhibiting the activity of the
local RAS system.

The modifiable risk factor for incidental high
blood pressure is caffeine intake. Isaksen et al. [19]
observed that drinking more than five cups of coffee
per day was more common among patients with SAH
compared to controls (85% vs. 59%, p=0.004) and
was an independent risk factor for SAH (OR 3.86;
95% CI 1.01-14.73). In a study performed by Viak et
al. [48] coffee consumption was a trigger risk factor
for aneurysm rupture (RR 1.7; 95% CI 1.2-2.4).
Similar relationship was observed with reference to
cola consumption (RR 3.4; 95% CI 1.5-7.9). Coffee
consumption accounted for 10.6% of the cases of CA
rupture.

There is no evidence based on clinical trials
indicating that lowering BP may be used in the primary
prevention of aneurysm formation. Nonetheless, it
appears that maintaining normal blood pressure might
have beneficial effect in individuals who are at high risk
of CA formation due to family history. As nutritional
factors are associated with the risk of hypertension,
dietary modifications, e.g. Mediterranean diet or
Dietary Approach to Stop Hypertension (DASH) diet
should be recommended.

Alcohol consumption

Alcohol consumption is another established risk
factor for CA rupture. It may affect aneurysm risk
through inflammation-mediated mechanisms but also
by increasing blood pressure [33, 35]. In a meta-
analysis of 14 observational studies performed by Yao
et al. [53] heavy alcohol consumption (>30 g per day)
was associated with an increased risk of SAH (RR 1.78;
95% CI 1.46-2.17) compared to no alcohol intake.
An increase in alcohol intake by 10 g per day was
observed to increase the risk of SAH by 12.1%. Can
et al. [8] shown that current alcohol use was related to
ruptured cerebral aneurysm status in comparison with
no alcohol consumption (OR 1.36; 95% CI 1.17-1.58).
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No relationship was observed with reference to former
alcohol use (OR 1.23; 95% CI1 0.92-1.63).

In the light of the recent research, beneficial
level of alcohol intake does not exist in the general
population [15]. It is considered that recommended
levels of its consumption presented in most of the
current guidelines should be lowered [51]. Individuals
at high risk of CA formation, as well as subjects with
unruptured aneurysms, should particularly benefit
from alcohol limitation.

Dietary recommendations in clinical practice

Dietary recommendations in prevention of CA
formation and rupture should focus on the adequate
intake of anti-inflammatory agents, vitamin B,, vitamin
B,, and folate, avoidance of alcohol and maintenance
of normal blood pressure. Dietary nutrients with anti-
inflammatory properties include mainly antioxidant
vitamins (vitamin C, vitamin E and carotenoids),
flavonoids and n-3 fatty acids, which reduce the pro-
inflammatory eicosanoid production [40]. Dietary
sources of these nutrients are fruit and vegetables,
herbs and spices, tea, nuts and seeds and fatty fish. A
rich source of folate are leafy greens, nuts and pulses,
vitamin B, — grains, poultry and fish, while vitamin
B,,— animal products [23].

Shiue et al. [39] performed a case-control
study to determine whether specific dietary habits
might be associated with the risk of subarachnoid
hemorrhage in Australasian population. Authors
shown that consumption of fat or skin on meat was
related to higher risk of SAH (p for trend 0.04), while
inverse relationship was observed with reference to
skim or reduced-fat milk (p for trend 0.01) and fruit
consumption (p for trend 0.04). Adjusted OR was
highest in group of individuals who consumed fat or
skin on meat more than 4 times a week compared with
those with no fat or skin on meat intake (OR 1.70;
95% CI 1.09-2.66). Moreover, frequent adding salt
to dishes was associated with higher risk of SAH in
individuals with history of hypertension, both taking
anti-hypertensive drugs (OR 2.58; 95% CI 1.29-
5.13) and those without pharmacological treatment of
hypertension (OR 2.88; 95% CI 1.46-5.70). According
to authors, 15% (5-24%) of SAH cases were attributed
to eating fruit less than once a week [38].

Due to the synergistic effect of various dietary
components on health, it appears that nutritional
recommendations in CA prevention should be based
on the overall healthy dietary pattern, not only on
single product or nutrient intake. According to existing
evidence on the association between diet-related
factors and aneurysm risk, specific dietary models
which might be recommended for patients at high risk
for developing the disease are Mediterranean (modified
by eliminating wine intake) or DASH diets. Both of

them are used in the nutritional therapy of hypertension
and due to high consumption of vegetables and fruits
they provide significant amounts of antioxidants and
folate [41, 45]. High anti-inflammatory potential is
attributed especially to Mediterranean diet because of
its characteristic composition of herbs, spices and fats
[42].
CONCLUSIONS

Risk factors for cerebral aneurysm formation
and rupture which may be altered by nutritional
modifications include: inadequate intake of dietary
antioxidants, hyperhomocysteinemia, hypertension
and alcohol intake. Individuals at high risk of CA
formation and rupture should consume adequate
amounts of vegetables, fruits, grains, nuts and fish,
which are good sources of antioxidant vitamins
(vitamin C, vitamin E and carotenoids), B vitamins
(vitamin B, vitamin B , and folate), flavonoids and
n-3 fatty acids. Alcohol limitation, regular blood
pressure control and avoidance of caffeine, a risk
factor for incidental high blood pressure, should be
advised. Mediterranean and DASH diets appear to
meet above-mentioned requirements, they may be thus
recommended for prevention of cerebral aneurysm
formation and rupture.
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