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Abstract 

Background Rupture of an intracranial aneurysm resulting in a subarachnoid hemorrhage (SAH) is a life‑threatening 
situation. Obesity is an increasing health challenge associated with numerous comorbidities. However, recent studies 
have shown a surprising decreased risk of SAH with increasing body mass index (BMI). The aim was to explore associa‑
tions between other anthropometric variables and the rupture risk of an intracranial aneurysm, which to our knowl‑
edge is lacking in present literature.

Methods Using a bioelectrical impedance analysis device, we performed body composition analyses on 31 patients 
admitted with aneurysmal SAH (aSAH) and 28 patients with planned intervention on their unruptured aneurysm. We 
also collected information on comorbidities and relevant risk factors. Logistic regression was used to explore associa‑
tions between anthropometric variables and patients with ruptured versus unruptured aneurysms.

Results Unadjusted estimates showed a significant inverse relationship between body fat percent and aneurysmal 
rupture (OR [95% CI]: 0.92 [0.86, 0.97], P = 0.009), and between body fat mass and aneurysmal rupture (OR [95% CI]: 
0.95 [0.90, 0.99], P = 0.047). These risk relationships remained significant in age‑ and sex‑adjusted analyses for body fat 
percent (OR [95% CI]: 0.93, [0.87, 0.97], P = 0.028), and body fat mass (OR [95% CI]: 0.95 [0.90, 0.99], P = 0.041).

Conclusions In recent studies showing a paradoxical relation between aSAH and obesity, BMI was the only param‑
eter investigated. We further explored this “obesity paradox” and found lower body fat in aSAH patients compared 
to UIA. Future studies should investigate these relationships in larger samples.

Clinical Trial Registration NCT04613427, November 3, 2020, retrospectively registered
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Introduction
The rupture of an intracranial aneurysm (IA) leading to 
a subarachnoid hemorrhage (SAH) is a devastating inci-
dent causing death, or major consequences in the sur-
vivors. Intracranial aneurysms are relatively common, 
with a prevalence around 1–2% in Norway, and are most 

often asymptomatic [1]. The annual rupture risk of an 
unruptured intracranial aneurysm (UIA) is found to be 
around 1%, with some established risk factors, including 
age, hypertension, smoking, and female sex [2]. The risk 
of suffering an aneurysmal subarachnoid hemorrhage 
(aSAH) is found to be stable around 10 per 100.000 per-
son years, although decreasing incidences are reported 
[3–5].

Obesity and associated comorbidities are caus-
ing increased morbidity and mortality worldwide 
[6–8]. Being overweight is a well-known risk factor for 
cardiovascular disease (CVD) and hypertension [9, 10], 
which increase the risk of aneurysm development and 
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subsequently aSAH [11]. A recent systematic review 
found a significantly lower risk of aSAH in obese patients 
(body mass index (BMI) ≥ 30) compared to patients of 
normal weight (BMI < 25), but the studies were catego-
rized as low quality [12]. Yet, studies investigating the 
impact of other anthropometric measures than BMI on 
the rupture risk of IAs are lacking. The aim of this study 
was therefore to explore associations between other 
anthropometric variables and the rupture risk of an 
intracranial aneurysm.

By using bioelectrical impedance analysis (BIA) tech-
nology, we measured body composition, such as body 
fat mass, body fat percent, visceral fat area, and fat-free 
mass, and explored the relationship with rupture risk 
of IAs. Although BIA is established in cardiovascular 
research, this method has, to the best of our knowledge, 
not been used before in the investigation of patients with 
IA.

Materials and methods
Study population
This study was approved in 2016 by the Regional Com-
mittee for Medical and Health Research (REK 2017/814) 
and performed according to the guidelines in the Decla-
ration of Helsinki. It was conducted between April 2018 
and June 2019 using a case–control design. Patients 
admitted acutely with aSAH and patients admitted elec-
tively with UIA for planned intervention or radiological 
control were included. All participants or next-of-kin 
signed a written informed consent form. We excluded 
patients with SAH caused by trauma or mycotic aneu-
rysms, perimesencephalic SAHs, and UIA patients with 
a history of previous intracranial hemorrhage. Patients 
with a pacemaker or in pregnancy were excluded accord-
ing to the BIA instructions.

Data on the patients’ age, gender, height, and medi-
cal history were collected from the patient and patient 
journals, while weight was measured by the depart-
ment’s nurses. We defined aSAH as subarachnoid blood 
proven by computer tomography (CT) or lumbar punc-
ture, and an aneurysm demonstrated with CT angiog-
raphy, magnetic resonance angiography or conventional 
angiography. UIA was defined as one or multiple aneu-
rysms confirmed by CT angiography or magnetic reso-
nance angiography, admitted for radiological control or 
intervention.

Body composition was measured using a bioelectrical 
impedance analyser (InBody  S10®; Biospace Co., Ltd., 
Seoul, Korea) with multiple frequencies (1  kHz, 5  kHz, 
50  kHz, 250  kHz, 500  kHz, and 1000  kHz) and 8-point 
tactile electrodes. The electrodes were connected to the 
patients’ left and right thumb, middle finger, and ankles. 
All patients lied still for minimum 15 min to stabilize the 

body water distribution prior to the scan. Three measure-
ments were recorded, and the mean value was calculated.

The data we collected from InBody S10 included vis-
ceral fat area, body fat mass, fat-free mass, skeletal mus-
cle mass and calculation of percentage body fat.

The data that support the findings of this study are 
available from the corresponding author on reasonable 
request.

Statistical analyses
Continuous variables are presented as mean (SD) and 
categorical variables as numbers (%). The statistical anal-
yses were performed with R v3.6.1 (https:// www.r- proje 
ct. org), and data transformation and exploration were 
done by using the tidyverse packages (https:// tidyv erse. 
org).

Logistic regression analyses were used to obtain odds 
ratios (ORs) for associations between anthropometric 
variables and rupture risk (patients with ruptured ver-
sus unruptured aneurysms) using the glm function in the 
stats package v3.6.1 and the logit link function for the 
binominal coded outcome variable (0: UIA; 1: aSAH). 
The basic model (Model 1) was adjusted for age and sex. 
In model 2, we additionally included these established 
risk factors for aSAH: current smoking (no/yes), hyper-
tension (no/yes), and family history of intracranial hem-
orrhage (no/yes). Statin use (no/yes) and alcoholism (no/
yes) were also considered but not included due to total 
absence of cases in one or both groups. The extended 
model (Model 3) was further adjusted for CVD (no/yes). 
Here, diabetes (no/yes) and polycystic kidney disease 
(no/yes) were also considered but not included due to 
few or no cases.

Results
From 74 initial patients, 15 were excluded according to 
the pre-specified criteria (Fig. 1). This resulted in a study 
population of 31 patients with aSAH and 28 patients with 
UIA. The patient characteristics are presented in Table 1.

Unadjusted estimates showed a significant inverse 
relationship between body fat percent and aneurysmal 
rupture (OR [95% CI]: 0.92 [0.86, 0.97], P = 0.009), and 
between body fat mass and aneurysmal rupture (OR 
[95% CI]: 0.95 [0.90, 0.99], P = 0.047 (Table  2). These 
risk relationships remained significant in the age- and 
sex-adjusted analyses (Model 1) for body fat percent 
(OR [95% CI]: 0.93 [0.87, 0.99], P = 0.028) and body fat 
mass (OR [95% CI]: 0.95 [0.90, 0.99], P = 0.041). In this 
model, we also found an inverse, non-significant associa-
tion between BMI and rupture risk (OR [95% CI]: 0.92 
[0.83, 1.02], P = 0.138). When further controlling for cur-
rent smoking status, hypertension, and family history of 
intracranial hemorrhage (Model 2), the associations were 

https://www.r-project.org
https://www.r-project.org
https://tidyverse.org
https://tidyverse.org


Page 3 of 6Løvik et al. European Journal of Medical Research          (2024) 29:297  

no longer significant for body fat percent (OR [95% CI: 
0.93 [0.84, 1.01], P = 0.113) and body fat mass (OR [95% 
CI]: 0.93 [0.86, 1.00], P = 0.068). These and other risk 

relationships remained statistically non-significant when 
additionally adjusting for CVD (Model 3; Table 2).

Discussion
The present case–control study suggests a protective 
effect of increased body fat mass and body fat percent 
on the rupture risk of IAs. The significant inverse asso-
ciation is lost when adjusted for current smoking status, 
hypertension, and family history of ICH. A recent large 
study found that the previously reported inverse associa-
tion between BMI and SAH in the literature appear to be 
explained by smoking and hypertension, thus, this may 
also be the case for our study [13]. Another large study 
found that increased BMI is significantly and inversely 
associated with saccular aneurysm rupture in males and 
patients aged ≥ 50 years, but the data is not adjusted for 
smoking and hypertension [14].

This is, to the best of our knowledge, the first case–
control study on patients with ruptured compared to 
unruptured IAs exploring risk associations with anthro-
pometric variables beyond BMI.

The pathogenesis of aneurysmal development and rup-
ture is complex and not fully understood, and the inverse 
relationship with high body mass requires further inves-
tigations, but there are some possible explanations to 
discuss.

Identified 74 
patients.

Excluded 5 due to 
missing consent 

and 1 due to 
pacemaker.

Excluded 4 due to 
no detected 
aneurysm/ 

perimesencephalic 
hemorrhage and 1 

due to mycotic 
aneurysms.

Excluded 4 patients 
with a history of 

cerebral 
hemorrhage. 

Included 59 
patients.

Fig. 1 Flowchart of patient inclusion. Made by K. Løvik in  Microsoft® Word for Mac

Table 1 Characteristics of patients upon hospital admission.1

BMI body mass index, CVD cardiovascular disease, PCKD polycystic kidney 
disease. Values are mean, or numbers (%). P-values were obtained from 
independent-samples t-test (age) or Chi-square tests (categorical variables). 
Made by K. Løvik in  Microsoft® Word for Mac
1 Values are mean (SD) or numbers (%)
2 P-values were obtained from independent-samples t-test (age) or Chi-square 
tests (categorical variables)

Variable Ruptured 
aneurysm (31)

Unruptured 
aneurysm (28)

P-value2

Age 57 (SD) 60 (SD) 0.357

Female gender 17 (55%) 22 (79%) 0.099

Medical history

 Current smoker 12 (39%) 9 (32%) 0.501

 Hypertension 12 (39%) 11 (39%) 0.963

 Statin use 0 5 (18%) 0.055

 Family history 2 (6%) 7 (25%) 0.118

 Diabetes mellitus 1 (3%) 4 (14%) 0.309

 PCKD 0 1 (4%) 0.972

 CVD 6 (19%) 8 (29%) 0.649

 Alcoholism 0 0

Table 2 Ruptured aneurysms compared to unruptured  IAs1

BMI body mass index, OR odds ratio. Model 1: adjusting for age and sex. Model 2: additionally adjusted for current smoking, hypertension, and family history. Model 3: 
additionally adjusted for cardiovascular disease. Made by K. Løvik in  Microsoft® Word for Mac
1 Model 1: adjusting for age and sex. Model 2: additionally adjusted for current smoking, hypertension, and family history. Model 3: additionally adjusted for 
cardiovascular disease

Unadjusted estimates Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

BMI (kg/m2) 0.95 (0.85, 1.04) 0.275 0.92 (0.82, 1.02) 0.138 0.90 (0.77, 1.03) 0.126 0.91 (0.79, 1.05) 0.210

Waist circumference (cm) 0.98 (0.94, 1.02) 0.371 0.98 (0.94, 1.02) 0.373 0.99 (0.93, 1.05) 0.690 0.99 (0.93, 1.05) 0.750

Visceral fat area  (cm2) 1.00 (0.99, 1.01) 0.397 1.00 (1.00, 1.01) 0.518 1.01 (1.00, 1.02) 0.187 1.01 (1.00, 1.02) 0.163

Body fat mass (kg) 0.95 (0.90, 0.99) 0.047 0.95 (0.90, 0.99) 0.041 0.93 (0.86, 1.00) 0.068 0.94 (0.87, 1.01) 0.118

Body fat percent (%) 0.92 (0.86, 0.97) 0.009 0.93 (0.87, 0.97) 0.028 0.93 (0.84, 1.01) 0.113 0.93 (0.84, 1.02) 0.135

Fat‑free mass (kg) 1.04 (1.00, 1.10) 0.070 1.02 (0.95, 1.09) 0.602 0.99 (0.91, 1.08) 0.838 1.01 (0.92, 1.11) 0.838

Skeletal muscle mass (kg) 1.06 (0.99, 1.15) 0.100 1.01 (0.91, 1.13) 0.858 0.96 (0.84, 1.09) 0.529 0.99 (0.86, 1.15) 0.901
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Inflammation is clearly associated with vessel wall 
degeneration, aneurysm formation and subsequently 
aneurysm rupture [15, 16]. Obesity is known to increase 
systemic inflammation, which should lead to an 
increased aneurysmal rupture risk [17]. However, studies 
have shown that an increased metabolic reserve of adi-
pose could improve tolerance of catabolic and inflamma-
tory events [12].

Body fat has shown to have surprising protective effects 
on various other diseases in clinical trials, for example on 
the prognosis with CVD [18]. In contrast, obesity also 
increases cardiovascular risk through risk factors such as 
dyslipidemia, but this is coincidentally associated with a 
lower risk of IA rupture [19, 20]. However, it is unclear 
whether the lower risk is caused by dyslipidemia itself 
or the use of statins, which provides a clear anti-inflam-
matory effect [20, 21]. These mechanisms may partly 
explain the inversed association between rupture risk and 
obesity.

Aneurysm formation is initiated by hemodynamically 
triggered endothelial dysfunction, which is an inflamma-
tory response [22]. Body composition affects aneurysmal 
hemodynamics, such as vascular wall stress, which play 
an important role in the development and growth of IA 
[23]. A study on abdominal aortic aneurysms (AAA) have 
found higher peak wall stress in patients with low BMI 
compared to high BMI, and further, a higher rupture risk 
of AAA [24]. This may also be the case for intracranial 
aneurysms, as a recent study found that low aneurysmal 
wall shear stress (WSS) was associated with higher risk of 
IA rupture [25].

High body mass may increase central venous pressure 
and thereby an upstream effect of elevated intracranial 
pressure (ICP). Obesity has been linked to ICP pathogen-
esis in disorders such as idiopathic intracranial pressure 
(IIH) [26]. The association is poorly understood, but one 
potential pathway links metabolic disorders to elevated 
ICP through a thrombotic tendency due to dysregula-
tion of haemostatic risk factors. Intracranial thromboses 
could subsequently cause impaired resorbtion of cerebro-
spinal fluid (CSF) and venous hypertension [27].

A suggested protective mechanism provided by high 
body mass is that an elevated ICP could counter the 
intravascular pressure, and thus, reduce the increased 
rupture risk that hypertension features on the aneurysm 
wall [28, 29].

Further, rapidly growing intracranial aneurysms have 
an increased rupture risk [30, 31].

It is possible that the counterpressure from an elevated 
ICP could prevent rapid aneurysmal growth and thereby 
reduce the rupture risk. In conclusion, the effect of obe-
sity on ICP and aneurysmal growth is not fully under-
stood and require further research in the future.

Most studies investigating the association between 
BMI and aSAH have focused on outcome and mortal-
ity. According to a recent systematic review, aSAH was 
associated with lower mortality in obese patients com-
pared to normal-weight patients, but the studies were 
considered to be of low quality [12]. Some studies have 
related overweight to more favorable outcomes after 
aSAH [32, 33], while other studies report contradictory 
findings [34]. Feigin et  al. found discordant effects of 
BMI on the risk of aSAH in a systematic review, with 
a longitudinal study showing a decreased risk of aSAH 
in patients with lean BMI and two case–control studies 
where lean BMI was associated with increased risk [11]. 
Sandvei et al. later found that overweight may be asso-
ciated with reduced risk of aSAH [35]. Further larger 
case–control studies are required to conclude on the 
effect of BMI on the risk of aneurysmal rupture.

The present study is limited by our recruitment 
strategy to include all patients admitted with UIA and 
aSAH, which means we could not have matching con-
trols. Inclusion of sudden death aSAHs was not prac-
tically possible, and could provide a selection bias, but 
this is a common practice in similar studies. The low 
sample size in this study is a strongly limiting factor, 
which affects the impact of the study. Our initial cal-
culations based on previous years of admission num-
bers would provide a total patient number of 100 (70% 
aSAH) in a 1-year period. During the last 10  years, 
the number of patients admitted with a subarachnoid 
hemorrhage has decreased worldwide, also in Norway, 
which may partially be explained by the significant 
decrease in smoking in the population [36, 37].

Another limiting factor is that anthropometric data 
was measured after 2–3 days after admission, on aver-
age. As the patients suffering from aSAH are prone to 
more bed rest than patients treated electively for UIA, 
the measured effect of lower body fat in aSAH patients 
could partly be explained by bed rest. However, accord-
ing to studies, unlike muscle mass, body fat mass is not 
severely affected by bed rest [38, 39].

Although measurements of body composition were 
performed by the same person using the mean value of 
three reliable measurements after the suggested 15 min 
bed rest, the technique has limitations due to human 
error.

Our study has several strengths. All patients were 
included from the same catchment area and the same 
hospital, giving the opportunity to study rupture risk 
in a well-defined population, and with the same classi-
fication of characteristics. We had access to individual 
patient data, which made it possible to conduct multi-
variate analyses. The exclusion of previous intracranial 
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hemorrhage reduced possible selection bias and mis-
classification bias.

Body composition analyzers, e.g., different versions 
of BIA technology, such as  InBody®, have been utilized 
in the last decade in clinical research, including on car-
diovascular disease [40, 41]. The validity of BIA has been 
compared to Dual-Energy X-ray Absorptiometry (DEXA) 
and found equally strong in multiple studies [42, 43]. To 
the best of our knowledge, BIA has never before been 
used in a neurosurgical setting.

Conclusion
The current study indicates that body fat mass percent 
were inversely associated with rupture risk of IAs when 
adjusted for age and sex, but not when adjusted for fur-
ther parameters such as smoking and hypertension. The 
clinical implications should obviously be discussed with 
caution but could prove to be important when consulting 
patients with UIA and whether to choose treatment or 
expectance. This study may implicate that one may con-
sider a more expecting treatment plan towards patients 
with high body fat percent.

Abbreviations
AAA   Abdominal aortic aneurysm
aSAH  Aneurysmal subarachnoid hemorrhage
BIA  Bioelectrical impedance analysis
BMI  Body mass index
CI  Confidence interval
CVD  Cardiovascular disease
CVP  Central venous pressure
IA  Intracranial aneurysm
ICP  Intracranial pressure
IIH  Idiopathic intracranial hypertension
OR  Odds ratio
PCKD  Polycystic kidney disease
SAH  Subarachnoid hemorrhage
UIA  Unruptured intracranial aneurysm

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the study conception and design. Material prepara‑
tion, data collection and analysis were performed by Katja Løvik and Johnny 
Laupsa‑Borge. The first draft of the manuscript was written by Katja Løvik, and 
all authors commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Funding
Open access funding provided by University of Bergen. This project is funded 
by The Medical Student Research Program at The Faculty of Medicine, Univer‑
sity of Bergen. The funders had no role in study design, data collection and 
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
Available at reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in this study were in accordance with the ethical 
standards of the Regional Committee for Medical and Health Research (REK 

2017/814) and with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards.

Consent for publication
Informed consent was obtained from all individual participants or next‑of‑kin, 
in concordance with the ICMJE Protection of Research Participants.

Competing interests
All authors certify that they have no affiliations with or involvement in any 
organization or entity with any financial interest (such as honoraria; educa‑
tional grants; participation in speakers’ bureaus; membership, employment, 
consultancies, stock ownership, or other equity interest; and expert testimony 
or patent‑licensing arrangements), or non‑financial interest (such as personal 
or professional relationships, affiliations, knowledge or beliefs) in the subject 
matter or materials discussed in this manuscript.

Received: 8 November 2023   Accepted: 17 May 2024

References
 1. Muller TB, Sandvei MS, Kvistad KA, Rydland J, Haberg A, Vik A, Garseth M, 

Stovner LJ. Unruptured intracranial aneurysms in the Norwegian Nord‑
Trondelag Health Study (HUNT): risk of rupture calculated from data in a 
population‑based cohort study. Neurosurgery. 2013;73:256–61. https:// 
doi. org/ 10. 1227/ 01. neu. 00004 30295. 23799. 16.

 2. Rinkel GJE, Djibuti M, Algra A, van Gijn J. Prevalence and risk of rupture 
of intracranial aneurysms. A systematic review. Stroke. 1998;29:251–6. 
https:// doi. org/ 10. 1161/ 01. STR. 29.1. 251.

 3. Sandvei MS, Mathiesen EB, Vatten LJ, Müller TB, Lindekleiv H, Ingebrigtsen 
T, Njølstad I, Wilsgaard T, Løchen M‑L, Vik A, Romundstad PR. Incidence 
and mortality of aneurysmal subarachnoid hemorrhage in two Norwe‑
gian cohorts, 1984–2007. Neurology. 2011. https:// doi. org/ 10. 1212/ WNL. 
0b013 e3182 377de3.

 4. Linn FHH, Rinkel GJE, Algra A, van Gijn J. Incidence of subarachnoid 
hemorrhage role of region, year, and rate of computed tomography: a 
meta‑analysis. Stroke. 1996;27:625–9. https:// doi. org/ 10. 1161/ 01. STR. 27.4. 
625.

 5. Nicholson P, O’Hare A, Power S, Looby S, Javadpour M, Thornton J, Bren‑
nan P. Decreasing incidence of subarachnoid hemorrhage. J Neurointerv 
Surg. 2019;11:320–2. https:// doi. org/ 10. 1136/ neuri ntsurg‑ 2018‑ 014038.

 6. Abdelaal M, le Roux CW, Docherty NG. Morbidity and mortality associ‑
ated with obesity. Ann Transl Med. 2017;5:161. https:// doi. org/ 10. 21037/ 
atm. 2017. 03. 107.

 7. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all‑cause 
mortality with overweight and obesity using standard body mass index 
categories: a systematic review and meta‑analysis. JAMA. 2013;309:71–82. 
https:// doi. org/ 10. 1001/ jama. 2012. 113905.

 8. World Health Organization. Obesity and overweight. 2020. Accessed 11 
Jul.

 9. Lavie CJ, Arena R, Alpert MA, Milani RV, Ventura HO. Management of car‑
diovascular diseases in patients with obesity. Nat Rev Cardiol. 2018;15:45–
56. https:// doi. org/ 10. 1038/ nrcar dio. 2017. 108.

 10. Hall JE. Pathophysiology of obesity hypertension. Curr Hypertens Rep. 
2000;2:139–47. https:// doi. org/ 10. 1007/ s11906‑ 000‑ 0073‑4.

 11. Feigin VL, Rinkel GJ, Lawes CM, Algra A, Bennett DA, van Gijn J, Anderson 
CS. Risk factors for subarachnoid hemorrhage: an updated systematic 
review of epidemiological studies. Stroke. 2005;36:2773–80. https:// doi. 
org/ 10. 1161/ 01. STR. 00001 90838. 02954. e8.

 12. Rautalin I, Kaprio J, Korja M. Obesity paradox in subarachnoid hemor‑
rhage: a systematic review. Neurosurg Rev. 2019. https:// doi. org/ 10. 1007/ 
s10143‑ 019‑ 01182‑5.

 13. Rautalin I, Kaprio J, Ingebrigtsen T, Jousilahti P, Lochen ML, Romundstad 
PR, Salomaa V, Vik A, Wilsgaard T, Mathiesen EB, et al. Obesity does not 
protect from subarachnoid hemorrhage: pooled analyses of 3 large 
prospective Nordic cohorts. Stroke. 2021. https:// doi. org/ 10. 1161/ STROK 
EAHA. 121. 034782.

https://doi.org/10.1227/01.neu.0000430295.23799.16
https://doi.org/10.1227/01.neu.0000430295.23799.16
https://doi.org/10.1161/01.STR.29.1.251
https://doi.org/10.1212/WNL.0b013e3182377de3
https://doi.org/10.1212/WNL.0b013e3182377de3
https://doi.org/10.1161/01.STR.27.4.625
https://doi.org/10.1161/01.STR.27.4.625
https://doi.org/10.1136/neurintsurg-2018-014038
https://doi.org/10.21037/atm.2017.03.107
https://doi.org/10.21037/atm.2017.03.107
https://doi.org/10.1001/jama.2012.113905
https://doi.org/10.1038/nrcardio.2017.108
https://doi.org/10.1007/s11906-000-0073-4
https://doi.org/10.1161/01.STR.0000190838.02954.e8
https://doi.org/10.1161/01.STR.0000190838.02954.e8
https://doi.org/10.1007/s10143-019-01182-5
https://doi.org/10.1007/s10143-019-01182-5
https://doi.org/10.1161/STROKEAHA.121.034782
https://doi.org/10.1161/STROKEAHA.121.034782


Page 6 of 6Løvik et al. European Journal of Medical Research          (2024) 29:297 

 14. Chen S, Mao J, Chen X, Li Z, Zhu Z, Li Y, Jiang Z, Zhao W, Wang Z, Zhong 
P, Huang Q. Association between body mass index and intracranial aneu‑
rysm rupture: a multicenter retrospective study. Front Aging Neurosci. 
2021;16(13): 716068. https:// doi. org/ 10. 3389/ fnagi. 2021. 716068.

 15. Frosen J, Tulamo R, Paetau A, Laaksamo E, Korja M, Laakso A, Niemela M, 
Hernesniemi J. Saccular intracranial aneurysm: pathology and mecha‑
nisms. Acta Neuropathol. 2012;123:773–86. https:// doi. org/ 10. 1007/ 
s00401‑ 011‑ 0939‑3.

 16. Stehbens WE. Etiology of intracranial berry aneurysms. J Neurosurg. 
1989;70:823–31. https:// doi. org/ 10. 3171/ jns. 1989. 70.6. 0823.

 17. Koenen M, Hill MA, Cohen P, Sowers JR. Obesity, adipose tissue and vas‑
cular dysfunction. Circ Res. 2021;128(7):951–68. https:// doi. org/ 10. 1161/ 
CIRCR ESAHA. 121. 318093.

 18. Elagizi A, Kachur S, Lavie CJ, Carbone S, Pandey A, Ortega FB, Milani RV. 
An overview and update on obesity and the obesity paradox in cardio‑
vascular diseases. Prog Cardiovasc Dis. 2018;61:142–50. https:// doi. org/ 
10. 1016/j. pcad. 2018. 07. 003.

 19. Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and 
potential targets. Nutrients. 2013;5:1218–40. https:// doi. org/ 10. 3390/ 
nu504 1218.

 20. Lovik K, Laupsa‑Borge J, Logallo N, Helland CA. Dyslipidemia and rupture 
risk of intracranial aneurysms‑a systematic review. Neurosurg Rev. 2021. 
https:// doi. org/ 10. 1007/ s10143‑ 021‑ 01515‑3.

 21. Aoki T, Kataoka H, Ishibashi R, Nakagami H, Nozaki K, Morishita R, Hashi‑
moto N. Pitavastatin suppresses formation and progression of cerebral 
aneurysms through inhibition of the nuclear factor kappaB pathway. 
Neurosurgery. 2009;64(2):357–65. https:// doi. org/ 10. 1227/ 01. NEU. 00003 
36764. 92606. 1D.

 22. Chalouhi N, Hoh BL, Hasan D. Review of cerebral aneurysm formation, 
growth, and rupture. Stroke. 2013;44(12):3613–22. https:// doi. org/ 10. 
1161/ STROK EAHA. 113. 002390.

 23. Turjman AS, Turjman F, Edelman ER. Role of fluid dynamics and inflamma‑
tion in intracranial aneurysm formation. Circulation. 2014;129(3):373–82. 
https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 113. 001444.

 24. Lindquist Liljeqvist M, Hultgren R, Siika A, Gasser TC, Roy J. Gender, 
smoking, body size, and aneurysm geometry influence the biomechani‑
cal rupture risk of abdominal aortic aneurysms as estimated by finite 
element analysis. J Vasc Surg. 2017;65(4):1014‑1021.e4. https:// doi. org/ 10. 
1016/j. jvs. 2016. 10. 074.

 25. Tian Z, Li X, Wang C, Feng X, Sun K, Tu Y, Su H, Yang X, Duan C. Associa‑
tion between aneurysmal hemodynamics and rupture risk of unruptured 
intracranial aneurysms. Front Neurol. 2022;21(13): 818335. https:// doi. org/ 
10. 3389/ fneur. 2022. 818335.

 26. Andrews LE, Liu GT, Ko MW. Idiopathic intracranial hypertension and 
obesity. Horm Res Paediatr. 2014;81(4):217–25. https:// doi. org/ 10. 1159/ 
00035 7730.

 27. Ooi LY, Walker BR, Bodkin PA, Whittle IR. Idiopathic intracranial hyperten‑
sion: can studies of obesity provide the key to understanding pathogen‑
esis? Br J Neurosurg. 2008;22(2):187–94. https:// doi. org/ 10. 1080/ 02688 
69070 18273 40.

 28. Schievink WI. Intracranial aneurysms. N Engl J Med. 1997;336(1):28–40. 
https:// doi. org/ 10. 1056/ NEJM1 99701 02336 0106.

 29. Tada Y, Wada K, Shimada K, Makino H, Liang EI, Murakami S, Kudo M, 
Kitazato KT, Nagahiro S, Hashimoto T. Roles of hypertension in the rupture 
of intracranial aneurysms. Stroke. 2014;45(2):579–86. https:// doi. org/ 10. 
1161/ STROK EAHA. 113. 003072.

 30. Backes D, Vergouwen MD, Tiel Groenestege AT, Bor AS, Velthuis BK, Grev‑
ing JP, Algra A, Wermer MJ, van Walderveen MA, terBrugge KG, Agid R, 
Rinkel GJ. PHASES score for prediction of intracranial aneurysm growth. 
Stroke. 2015;46(5):1221–6. https:// doi. org/ 10. 1161/ STROK EAHA. 114. 
008198.

 31. Giordan E, Sorenson TJ, Brinjikji W, Vine R, Lanzino G. Risk factors for 
growth of conservatively managed unruptured intracranial aneurysms. 
Acta Neurochir (Wien). 2018;160(12):2419–23. https:// doi. org/ 10. 1007/ 
s00701‑ 018‑ 3729‑z.

 32. Dasenbrock HH, Nguyen MO, Frerichs KU, Guttieres D, Gormley WB, Ali 
Aziz‑Sultan M, Du R. The impact of body habitus on outcomes after 
aneurysmal subarachnoid hemorrhage: a Nationwide Inpatient Sample 
analysis. J Neurosurg. 2017;127:36–46. https:// doi. org/ 10. 3171/ 2016.4. 
JNS15 2562.

 33. Damodara N, Amuluru K, Nuoman R, Bowers CA, Khandelwal P, Moseley 
S, Al‑Shammari H, El‑Ghanem M, Gandhi CD, Al‑Mufti F. Body mass index 
and overall outcome following subarachnoid hemorrhage: an obesity 
paradox? World neurosurgery. 2020;144:e679–84. https:// doi. org/ 10. 
1016/j. wneu. 2020. 09. 042.

 34. Badjatia NM, Carpenter A, Zimmerman J, Schmidt JM, Claassen J, Con‑
nolly ES, Mayer SA, Karmally W, Seres D. Inflammation, negative nitrogen 
balance, and outcome after aneurysmal subarachnoid hemorrhage. Neu‑
rology. 2015;84:680–7. https:// doi. org/ 10. 1212/ WNL. 00000 00000 001259.

 35. Sandvei MS, Lindekleiv H, Romundstad PR, Muller TB, Vatten LJ, Inge‑
brigtsen T, Njolstad I, Mathiesen EB, Vik A. Risk factors for aneurysmal 
subarachnoid hemorrhage ‑ BMI and serum lipids: 11‑year follow‑up 
of the HUNT and the Tromso Study in Norway. Acta Neurol Scand. 
2012;125:382–8. https:// doi. org/ 10. 1111/j. 1600‑ 0404. 2011. 01578.x.

 36. Majewska P, Gulati S, Oie L, Salvesen O, Muller TB, Solheim O. Smoking 
habits and detection rate of unruptured intracranial aneurysms and 
incidence rate of subarachnoid haemorrhage in Norway between 2008 
and 2015. Acta Neurochir. 2020;162:3161–5. https:// doi. org/ 10. 1007/ 
s00701‑ 020‑ 04541‑0.

 37. Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel 
GJE, Algra A. Worldwide incidence of aneurysmal subarachnoid hemor‑
rhage according to region, time period, blood pressure, and smoking 
prevalence in the population: a systematic review and meta‑analysis. 
JAMA Neurol. 2019;76:588–97. https:// doi. org/ 10. 1001/ jaman eurol. 2019. 
0006.

 38. Kenny HC, Rudwill F, Breen L, Salanova M, Blottner D, Heise T, Heer M, 
Blanc S, O’Gorman DJ. Bed rest and resistive vibration exercise unveil 
novel links between skeletal muscle mitochondrial function and insulin 
resistance. Diabetologia. 2017;60:1491–501. https:// doi. org/ 10. 1007/ 
s00125‑ 017‑ 4298‑z.

 39. Coker RH, Hays NP, Williams RH, Xu L, Wolfe RR, Evans WJ. Bed rest 
worsens impairments in fat and glucose metabolism in older, overweight 
adults. J Gerontol A Biol Sci Med Sci. 2014;69:363–70. https:// doi. org/ 10. 
1093/ gerona/ glt100.

 40. Sandbakk SB, Nauman J, Lavie CJ, Wisloff U, Stensvold D. Combined asso‑
ciation of cardiorespiratory fitness and body fatness with cardiometabolic 
risk factors in older Norwegian adults: the generation 100 study. Mayo 
Clin Proc Innov Qual Outcomes. 2017;1:67–77. https:// doi. org/ 10. 1016/j. 
mayoc piqo. 2017. 05. 001.

 41. Liu MH, Wang CH, Huang YY, Tung TH, Lee CM, Yang NI, Liu PC, Cherng 
WJ. Edema index established by a segmental multifrequency bioelectri‑
cal impedance analysis provides prognostic value in acute heart failure. J 
Cardiovasc Med (Hagerstown). 2012;13:299–306. https:// doi. org/ 10. 2459/ 
JCM. 0b013 e3283 51677f.

 42. Fürstenberg A, Davenport A. Comparison of multifrequency bioelectrical 
impedance analysis and dual‑energy X‑ray absorptiometry assessments 
in outpatient hemodialysis patients. Am J Kidney Dis. 2011;57:123–9. 
https:// doi. org/ 10. 1053/j. ajkd. 2010. 05. 022.

 43. Esco MR, Snarr RL, Leatherwood MD, Chamberlain NA, Redding ML, Flatt 
AA, Moon JR, Williford HN. Comparison of total and segmental body 
composition using DXA and multifrequency bioimpedance in collegiate 
female athletes. J Strength Cond Res. 2015;29:918–25. https:// doi. org/ 10. 
1519/ jsc. 00000 00000 000732.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3389/fnagi.2021.716068
https://doi.org/10.1007/s00401-011-0939-3
https://doi.org/10.1007/s00401-011-0939-3
https://doi.org/10.3171/jns.1989.70.6.0823
https://doi.org/10.1161/CIRCRESAHA.121.318093
https://doi.org/10.1161/CIRCRESAHA.121.318093
https://doi.org/10.1016/j.pcad.2018.07.003
https://doi.org/10.1016/j.pcad.2018.07.003
https://doi.org/10.3390/nu5041218
https://doi.org/10.3390/nu5041218
https://doi.org/10.1007/s10143-021-01515-3
https://doi.org/10.1227/01.NEU.0000336764.92606.1D
https://doi.org/10.1227/01.NEU.0000336764.92606.1D
https://doi.org/10.1161/STROKEAHA.113.002390
https://doi.org/10.1161/STROKEAHA.113.002390
https://doi.org/10.1161/CIRCULATIONAHA.113.001444
https://doi.org/10.1016/j.jvs.2016.10.074
https://doi.org/10.1016/j.jvs.2016.10.074
https://doi.org/10.3389/fneur.2022.818335
https://doi.org/10.3389/fneur.2022.818335
https://doi.org/10.1159/000357730
https://doi.org/10.1159/000357730
https://doi.org/10.1080/02688690701827340
https://doi.org/10.1080/02688690701827340
https://doi.org/10.1056/NEJM199701023360106
https://doi.org/10.1161/STROKEAHA.113.003072
https://doi.org/10.1161/STROKEAHA.113.003072
https://doi.org/10.1161/STROKEAHA.114.008198
https://doi.org/10.1161/STROKEAHA.114.008198
https://doi.org/10.1007/s00701-018-3729-z
https://doi.org/10.1007/s00701-018-3729-z
https://doi.org/10.3171/2016.4.JNS152562
https://doi.org/10.3171/2016.4.JNS152562
https://doi.org/10.1016/j.wneu.2020.09.042
https://doi.org/10.1016/j.wneu.2020.09.042
https://doi.org/10.1212/WNL.0000000000001259
https://doi.org/10.1111/j.1600-0404.2011.01578.x
https://doi.org/10.1007/s00701-020-04541-0
https://doi.org/10.1007/s00701-020-04541-0
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1007/s00125-017-4298-z
https://doi.org/10.1007/s00125-017-4298-z
https://doi.org/10.1093/gerona/glt100
https://doi.org/10.1093/gerona/glt100
https://doi.org/10.1016/j.mayocpiqo.2017.05.001
https://doi.org/10.1016/j.mayocpiqo.2017.05.001
https://doi.org/10.2459/JCM.0b013e328351677f
https://doi.org/10.2459/JCM.0b013e328351677f
https://doi.org/10.1053/j.ajkd.2010.05.022
https://doi.org/10.1519/jsc.0000000000000732
https://doi.org/10.1519/jsc.0000000000000732

	Body composition and rupture risk of intracranial aneurysms
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


