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Purpose: Peripheral artery disease (PAD) is a manifestation of systemic atherosclerosis. Non-invasive lower-limb pressure indices, 
such as the ankle-brachial index (ABI) and toe-brachial index (TBI), are widely used in the diagnostic evaluation of PAD and are 
strongly associated with atherosclerotic cardiovascular diseases. Intracranial aneurysms (IAs) share common risk factors with 
atherosclerotic cardiovascular diseases, particularly smoking and hypertension. In previous research, we found that a low ABI is 
associated with a higher prevalence of unruptured IAs. The objective of the present study is to examine whether low TBI is similarly 
associated with a prevalence if IAs.
Patients and Methods: This retrospective cohort study included patients (n=2751) who underwent a TBI assessment at a tertiary 
hospital between January 2011 and December 2013. The patients with available cerebrovascular imaging or a confirmed diagnosis of 
ruptured saccular IA (n = 776) were included into the study. The potential association between TBI and the prevalence of saccular IAs 
was the main outcome of interest.
Results: Patients were stratified according to their TBI values as follows: low TBI (<0.5; n=473), borderline TBI (0.50–0.69; n=180), 
and normal TBI (≥0.7; n=123).The prevalence of unruptured IAs was 16.3% in the low TBI group, 8.3% in the borderline TBI group, 
and 4.1% in the normal TBI category (p<0.001). Sex- and age-adjusted multinomial regression including clinically relevant variables 
revealed that low TBI (odds ratio [OR], 3.59; 95% confidence interval [CI], 1.39–9.27), female sex (OR, 1.68; 95% CI, 1.06–2.673), 
and smoking history (OR, 2.56; 95% CI, 1.393–4.695) were associated with the prevalence of unruptured IAs.
Conclusion: Low TBI was associated with a fourfold higher prevalence of unruptured IAs compared with normal TBI. In this 
retrospective cohort, the strongest association remained between low TBI and unruptured IAs after adjustment for established IA risk 
factors. These finding support a potential role of atherosclerosis in IA formation. Prospective studies are warranted to clarify the 
temporal relationship and to evaluate whether TBI could contribute to risk stratification in patients at risk of intracranial aneurysms.
Keywords: intracranial aneurysm, peripheral artery disease, risk factors, screening, toe-brachial index

Introduction
Peripheral artery disease (PAD) is an atherosclerotic condition associated with increased cardiovascular morbidity and 
mortality. Patients with PAD are likely to have generalized atherosclerosis; 46–68% of PAD patients have disease in one 
or more vascular beds.1 Ankle-Brachial Index (ABI) and Toe-Brachial Index (TBI) are widely used in the diagnosis of 
PAD. According to current guidelines, ABI <0.9 and TBI <0.7 are diagnostic of PAD.2,3 Similar to low ABI, a low TBI 
has been associated with an increased risk of cardiovascular and all-cause mortality.4,5 However, this association has 
been less extensively studied than that of ABI. In the presence of medial arterial calcification (MAC) the tibial arteries 
become incompressible leading to falsely elevated ABI measurements and may underestimate the prevalence of PAD.6,7 
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Small arteries in toes are less susceptible to MAC changes and making TBI a more sensitive method for diagnosing PAD 
in a presence of MAC.8,9 Furthermore, patients with normal ABI but low TBI have been demonstrated to exhibit similar 
cardiovascular comorbidities to those observed in patients with a low ABI.10

The global prevalence of unruptured intracranial aneurysms (IA) among individuals aged 50 years and over is 3%, 
while the global incidence of aneurysmal subarachnoid haemorrhage (SAH) is 6 per 100 000 person-years.11,12 

A considerable proportion of IAs demonstrate stability over the course of an individual’s lifetime, however, 
a proportion of IAs demonstrate a tendency towards expansion and rupture, which can result in severe 
consequences.13 It is estimated that 25% of patients suffering from aneurysmatic SAH die before reaching the hospital 
or the emergency room.14 Furthermore, the 1-year mortality rate is 50%, which serves to illustrate the severity of this 
condition. It is estimated that one third of individuals who successfully complete the acute phase of recovery are unable 
to resume their usual daily activities.15

Smoking and hypertension are well established risk factors for both conditions PAD and IAs.15 Moreover, a plausible 
association has been observed between an increased atherosclerotic burden and the prevalence of IAs.16,17 However, 
there is a paucity of consensus regarding the association between coronary artery disease (CAD) and the increased 
prevalence of IAs.18,19 Furthermore, research has demonstrated that the prevalence of IA appears to be elevated among 
patients with carotid artery stenosis when compared to the general population.20

In a prior retrospective study, we established a notable an association between a low ABI and the prevalence of 
unruptured IAs.21 The objective of the present study is to investigate the association between TBI and the prevalence of 
IAs, thereby aiming to find a method to identify these patients and investigate the possible association between 
atherosclerotic diseases and the prevalence of IAs. To the authors’ knowledge, low TBI has not previously been reported 
to be associated with the prevalence of IAs.

Material and Methods
Study Cohort
Turku University Hospital, located in Southwest Finland, provides secondary care to 480,000inhabitants and functions as 
a tertiary referral center for 860 000 individuals. The Vascular Laboratory of The University of Turku performed 
peripheral pressure measurements on 2,757 patients between January 1, 2011, and 31 December 31, 2013, which 
constituted the initial research cohort comprising 2,757 patients. The date of the first peripheral pressure measurement 
was considered the index date for the study. Only the value of index measurement was considered in the analyses. The 
patients for whom cerebral artery imaging or data on previously treated ruptured IA were available from electronic 
patient records since 2003 were included in the study (766 patients). Patients for whom such data were not available were 
excluded. The study population was observed until January 1st, 2023. Imaging modalities included magnetic resonance 
angiography (MRA), computed tomography angiography (CTA), or digital subtraction angiography.21

The retrospective registry design of the present study was reviewed and approved in September 2017 by the Turku 
University Hospital Institutional Review Board (IRB) (IRB# T344/2017). According to the Finnish Act on the Secondary 
Use of Health and Social Data (552/2019), informed consent is not required for scientific research in the context of 
retrospective registry studies.

The data collection and review of electronic medical records was collected using the patient’s personal identity 
number. The dataset was fully pseudonymised prior to analysis, and no personally identifiable information was available 
to the research team during the analysis phase. All data used in this study were handled in accordance with applicable 
data protection and privacy regulations, including the EU General Data Protection Regulation (GDPR), and institutional 
data handling policies.

Baseline Measurement
Electronic medical records were retrospectively reviewed, and comorbidities were recorded by ICD codes: coronary 
artery disease (CAD) (I20.0 – I25.9), chronic heart failure (CHF) (I50.0 – I50. 9), hypertension (HTA) (I10.0 – I10.9), 
atrial fibrillation (AF) (I48.0 – I48.9), diabetes mellitus (DM) (E10.0 – E11.9), chronic obstructive pulmonary disease 
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(COPD) (J44.8), hypercholesterolemia (HTC) (E78.0) and chronic kidney disease (CKD) (N18.1 – N18.9). Smoking data 
were also collected retrospectively. Previously identified IA risk factors, such as smoking, HTA, CKD, and CAD, which 
represent the burden of atherosclerotic diseases, were considered clinically significant variables.

All ankle and toe pressure measurements were conducted by vascular technicians in a standardized environment in 
the vascular laboratory of Turku University Hospital. Measurements were performed by using PeriFlux 6000 Laser 
Doppler system. Cuffs were placed bilaterally on the upper arms (brachial artery), ankles and toes to register the systolic 
pressures, and the TBI value was subsequently calculated by dividing the systolic pressure in the toe by the systolic 
pressure in the brachial artery. The report from the vascular laboratory included the absolute ankle and toe pressures of 
both legs, in addition to the ABI and TBI indices. The lower TBI value were included in the study.

All cerebrovascular imaging studies were reviewed to screen for intracranial aneurysms by a neurosurgeon. An 
experienced neuroradiologist evaluated each IA imaging finding to confirm the diagnosis. Any discrepancies that 
may have emerged in the assessments between the neurosurgeon and the neuroradiologist were resolved by 
consensus.

Aneurysms that were intracranial, saccular type, and at least 2 mm in size were considered IAs and included in the 
study.22,23 Internal carotid artery (ICA) aneurysms were classified as intradural or extradural according to the Bouthillier 
classification.24 Intradural aneurysms were located distal to the clinoid segment (C5), and extradural aneurysms in the 
intracavernous segment (C4) or on its proximal side. Extradural aneurysms were not included in the analysis. Intradural 
aneurysms were further classified according to anatomical location into four main groups: ICA and its two terminal 
branches, middle cerebral artery and anterior cerebral artery, and posterior circulation artery. IAs were further divided 
into subgroups to indicate more precise location.

Statistics
The primary outcome was the prevalence of IAs in the different TBI categories. We further analyzed separately the 
prevalence of ruptured and unruptured IAs.

All statistical analyses were conducted using SPSS version 27 (IBM, Armonk, NY, USA). Descriptive statistics were 
utilized to compare the demographics of the patients. For variables that followed a normal distribution, mean values and 
standard deviations (SD) were calculated. The normality of continuous variables was assessed using the Shapiro–Wilk 
test, while the homogeneity between the groups was evaluated with Levene’s test. The Fisher’s exact test was employed 
to compare categorical variables, while the Student’s t-test and ANOVA were used for comparing continuous variables 
that were normally distributed. The Kruskall-Wallis test was used to analyze non-normally distributed continuous 
variable.

The optimal threshold for predicting the occurrence of intracranial aneurysms (IA) was identified by determin
ing the cutoff value for TBI using Youden’s J-index. The J-index was calculated from the ROC curve derived from 
a binary logistic regression model, where TBI was the predictor variable and the occurrence of IA was the 
outcome variable. The cutoff value for TBI was determined as the TBI value that corresponded to the highest 
J-index and maximised both sensitivity and specificity. The TBI value corresponding to the highest J-index value, 
which maximises both sensitivity and specificity, was 0.5. This value was utilised as the TBI cutoff value for low 
TBI group (<0.5). TBI 0.5–0.69 was employed to categorise patients into the borderline TBI group, where the 
value of 0.7 was suggested in the guidelines.2,3 TBI values of 0.7 and above were considered normal TBI. 
According to aneurysm findings, patients were classified into three groups: unruptured, ruptured and no intracra
nial aneurysm.

Regression analyses were performed first to detect statistically significant variables for IA utilizing univariate 
analysis. We then conducted two multinomial regression analyses to evaluate associations between the TBI and the IA 
groups; all analyses were age and sex adjusted. For the first analysis, statistically significant variables at univariate 
analyses were used, and in the second analysis, we used clinically significant variables.

Because this was a retrospective observational study including all eligible patients during the study period, no formal 
a priori sample size or power calculation was performed.
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Results
Altogether 2751 patients with TBI were identified, of whom 776 had available brain MRA and/or CTA or a confirmed 
diagnosis of ruptured IA. Among these 473 (60.9%) had a low TBI (<0.5), 180 (23.2%) had a borderline TBI (0.5–0.69), 
and 123 (15.9%) had a normal TBI (≥ 0.7). The flow chart detailing the patient’s selection process is presented in 
Figure 1.

A J-index of 0.5 was calculated for the ROC curve of binary regression for IA presence in a model with TBI as the 
only variable. The J-index of 0.5 had the best predictive value for IA presence. Based on Youdens index, 0.5 was 
therefore set as a cut-off value for categorization to low TBI cohort.

Demographic characteristics stratified by TBI category for the study cohort are presented in Table 1. Significant 
differences were observed across TBI categories in age, hypertension, type II diabetes, CAD and smoking history. The 

Figure 1 Flow chart of patient selection. Bold numbers indicate the number of patients at each step of inclusion and exclusion.

Table 1 Comparison of Baseline Characteristics According to TBI Category. Patients with Both Ruptured IA and 
Unruptured IA Were Categorized as Ruptured IA

TBI < 0.5 (n=473) TBI 0.5–0.69 (n=180) TBI ≥ 0.7 (n=123) P-value

Mean age at TBI measurement, years, ±SD 70.2 ± 9.6 67.9 ± 13.8 64.2 ± 14.1 <0.001

Sex (female) % 37.8 40.6 37.4 0.792

HTA % 68.3 58.9 59.3 0.032

DM all % 40.9 38.9 31.7 0.177

DM I % 6.8 4.4 8.9 0.289

DM II % 34.1 35.6 22.8 0.037

HTC % 31.1 26.3 25.2 0.278

CAD % 38.3 30.6 26.8 0.025

CHF % 18.0 15.0 15.4 0.596

AF % 22.2 24.4 24.4 0.773

CKD % 13.8 15.0 10.6 0.528

(Continued)
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prevalence of unruptured IAs differed across TBI categories as shown in Figure 2: 16.3% in the low TBI (< 0.5) category, 
8.3% in the borderline TBI (0.5–0.69) category, and 4.1% in the normal TBI (≥ 0.7) category (p < 0.001). Within the low 
TBI (< 0.5) category, 1.5% had ruptured IAs; in the borderline TBI (0.5–0.69) category, 1.1% exhibited ruptured IAs; and 
in the normal TBI (≥ 0.7) category, 3.3% showed ruptured IAs (p = 0.307).

Table 2 presents a summary of the main baseline demographic characteristics of the patient cohort, classified 
according to IA presentation. The mean TBI was 0.36 (SD ± 0.180) in patients with unruptured IAs, 0.49 (SD ± 
0.269) in patients with ruptured IAs, and 0.46 (SD ± 0.241) in patients without IAs (p<0.001).

After adjusting for age, sex, and clinically relevant variables as outlined in Table 3 (Model 1), the multinomial 
regression analysis revealed a statistically significant correlation between low TBI (<0.5) and unruptured IAs. (odds ratio 
[OR], 3.75; 95% confidence interval [CI], 1.448–9.708; p=0.006). Furthermore, female sex (OR, 1.63; 95% CI, 
1.03–2.60) and smoking history (OR, 2.59; 95% CI, 1.41–4.76; p=0.002) exhibited significant associations with 
unruptured IAs. The second multinomial regression analysis was conducted, including the statistically significant 
variables identified in the univariate analysis and adjusted for age and sex (Table 3, Model 2). The results were found 
to be consistent with those of the previous analysis.

Table 1 (Continued). 

TBI < 0.5 (n=473) TBI 0.5–0.69 (n=180) TBI ≥ 0.7 (n=123) P-value

Smoking history % 74.7 62.0 63.7 0.003

Smoking data missing % 6.6 5.0 8.1 0.545

Rheumatoid % 8.5 8.9 8.1 0.972

Malignancy % 19.7 20.6 17.1 0.742

IA % (n) 17.8 (84) 9.4 (17) 7.3 (9) 0.001

Unruptured IA % (n) 16.3 (77) 8.3 (15) 4.1 (5) <0.001

Ruptured IA % (n) 1.5 (7) 1.1 (2) 3.3 (4) 0.307

Notes: The bold font indicates statistically significant values p<0.05. 
Abbreviations: TBI, toe-brachial index; HTA, hypertension; DM, diabetes mellitus; HTC, hypercholesterolemia; CAD, coronary artery disease; CHF, 
chronic heart failure; AF, atrial fibrillation; CKD, chronic kidney disease; IA, intracranial aneurysm.

Figure 2 Presents the prevalence of unruptured and ruptured IAs by TBI categories.
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Table 2 Baseline Characteristics of Unruptured and Ruptured Intracranial Aneurysms and Patients Without IAs

Unruptured IA, n=97 Ruptured IA, n=13 No IA, n=666 P-value

Mean age at TBI measurement, years, ±SD 69.5 ± 8.7 68.9 ± 8.9 68.4 ± 12.1 0.660

Sex (female)% 43.3 46.2 37.5 0.467

HTA % 68.0 76.9 64.0 0.477

DM all % 39.2 15.4 39.4 0.213

DM I % 5.2 0 6.9 0.508

DM II % 34.0 15.4 32.8 0.396

HTC % 34.0 30.8 28.3 0.508

CAD % 29.9 7.7 35.9 0.061

CHF % 19.6 0 16.8 0.207

AF % 16.5 7.7 24.3 0.096

CKD % 15.5 15.4 13.2 0.820

Smoking history % 82.8 61.5 68.2 0.013

Smoking data missing % 4.1 0 6.9 0.368

Rheumatoid % 6.2 23.1 8.6 0.121

Malignancy % 17.5 7.7 20.0 0.475

TBI mean (±SD) 0.36 (±0.180) 0.49 (±0.269) 0.46 (±0.241) <0.001

Notes: The bold font indicates statistically significant values p<0.05. 
Abbreviations: IA, intracranial aneurysm; HTA, hypertension; DM, diabetes mellitus; HTC, hypercholesterolemia; CAD, coronary artery disease; 
CHF, chronic heart failure; AF, atrial fibrillation; CKD, chronic kidney disease; TBI, toe-brachial index.

Table 3 Multinomial Regression Models for 
Unruptured Intracranial Aneurysms Adjusted for 
Sex- and Age. Model 1 Included Clinically 
Significant Variables. Model 2 Included Variables 
That Were Statistically Significant in the 
Univariate Analysis

OR 95% CI P-value

Model 1

Age 1.020 0.995–1.045 0.118

Sex (female) 1.634 1.026–2.604 0.039

HTA 1.183 0.723–1.932 0.504

CAD 0.612 0.371–1.011 0.055

Smoking history 2.591 1.408–4.762 0.002

CKD 1.387 0.722–2.667 0.326

Ref TBI ≥ 0.7

TBI 0–0.49 3.749 1.448–9.708 0.006

TBI 0.5–0.69 1.803 0.623–5.220 0.277

(Continued)
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Discussion
Present data suggest a strong association between low TBI (< 0.5) and the prevalence of unruptured IAs. Our results 
show a 4-fold prevalence of unruptured IAs in the low TBI groups (< 0.5) compared to those with normal TBI (≥ 0.7). 
The prevalence of unruptured IAs in the low TBI category (< 0.5) was 16.3%, and the corresponding value in the normal 
TBI category (≥ 0.7) was 4.1%. In addition, the borderline TBI category (0.5–0.69) had a higher prevalence of 
unruptured IAs compared to the normal TBI category, although the difference was not statistically significant. The 
prevalence of unruptured IAs in this borderline TBI category (0.5–0.69) was 8.3%. The prevalence of unruptured IAs in 
the normal TBI category (4.1%) was marginally higher than that reported in the general population.12 To the best of our 
current knowledge, this is the first study to investigate the potential correlation between TBI and intracranial aneurysms.

In the present study, female sex was associated with an increased risk for unruptured IAs, which aligns with prior 
research that show a 1.5–2-fold prevalence of unruptured IA in females than in males.12,25,26 Both smoking and 
hypertension are recognized and established risk factors for IA and PAD.15,27,28 Notably, our multinomial regression 
analysis revealed that smoking history emerged as a significant independent risk factor for unruptured IAs alongside low 
TBI and female sex categories. However, the association of smoking history and female sex in relation to IAs appeared to 
be relatively weaker when compared to the influence of low TBI. It may be hypothesized that an alternative mechanism 
is responsible for the relationship between IA and low TBI, possibly through a common vascular pathophysiology.29 

Interestingly, hypertension did not emerge as a significant risk factor for IA. This may be attributable to the high 
prevalence of cardiovascular disease within the study cohort, which may diminish the statistical significance of the 
independent effect of hypertension.

The TBI has been demonstrated to be associated with an increased cardiovascular risk and is therefore linked to an 
increased atherosclerotic burden.4,5 The findings of this study indicate that patients with a higher atherosclerotic burden 
also exhibited a higher prevalence of IAs. The pathophysiological link between atherosclerosis and IA is not yet 
established, however, according to histological studies, there are often present lipid accumulation and calcification in 
IA wall.29,30 Notably, these both conditions exhibit common pathophysiological mechanisms involving hemodynamic 
stress, endothelial dysfunction and chronic inflammation to promote arterial wall degeneration and augment the risk of IA 
formation and atherosclerosis.31,32 It has been hypnotized that atherosclerosis may result in the weakening of blood 
vessel walls and the predisposition of individuals to IA development.33

The significance of TBI in the detection of PAD and, consequently, generalized atherosclerosis has become increas
ingly apparent. In certain conditions ABI measurements may be misleadingly elevated and TBI has been demonstrated to 
have superior sensitivity compared to ABI for diagnosing PAD.34–36 Moreover, TBI encompasses a more comprehensive 

Table 3 (Continued). 

OR 95% CI P-value

Model 2

Age 1.017 0.993–1.042 0.172

Sex (female) 1.683 1.059–2.673 0.027

Smoking 2.558 1.393–4.695 0.002

Ref TBI ≥ 0.7

TBI 0–0.49 3.593 1.393–9.272 0.008

0.5–0.69 1.777 0.615–5.129 0.288

Notes: The bold font indicates statistically significant value 
p<0.05. 
Abbreviations: OR, odds ratio; HTA, hypertension; CAD, 
coronary artery disease; CKD, chronic kidney disease; TBI, toe- 
brachial index.
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range of PAD phenotypes than ABI, thereby enhancing its utility in clinical practice.37 In our prior publication, we 
observed that the prevalence of unruptured IA was up to 9-fold for the low ABI group compared to the normal ABI 
group.21 The present study demonstrates a similar, albeit less pronounced results across the TBI categories. A vascular 
profile characterized by a normal ABI but reduced TBI may indicate isolated distal small artery disease (SAD), in which 
occlusive lesions are limited to pedal arteries distal to malleoli. Low TBI values are likewise associated with MAC when 
affecting the pedal arteries.38 MAC occurs independently of atherosclerosis and do not necessary have direct arterial 
obstructive effect, but it has been noted to have hemodynamic irruptions leading to decreased perfusion.39 Moreover, 
MAC can artefactually elevate ABI measurements in conditions where the calcified tibial arteries become non- 
compressible. Ageing, chronic kidney disease and diabetes are primary risk factors for MAC, whereas diabetes and 
chronic kidney disease have also been associated with SAD.38,40,41 However, these risk factors have not been shown to 
be associated with an increased risk for IAs.12 Although atherosclerotic PAD of great arteries, SAD and MAC may 
present with similar clinical manifestations, their underlying pathophysiological mechanisms and associated risk factors 
differ.40,42 In contradistinction to atherosclerotic PAD, SAD and MAC do not demonstrate atherosclerotic changes, such 
as lipid deposits. SAD is characterized by endothelial dysfunction and arterial wall remodeling, while MAC is typified by 
the calcification of the arterial media without luminal narrowing.40,43 PAD affecting large arteries reflects the classical 
atherosclerotic pathway and risk factor profile, and it shares similar risk factors associated with IAs.44 In the present 
study, the population in the low and borderline TBI group were significantly older and had a more often diabetes 
compared to normal TBI cohort. Decreased TBI values are indicative of more distally manifested PAD, and the risk 
factors associated with distal PAD differ from those linked to IA formation. This distinction may provide a valuable 
insight into the observed differences in the prevalence of unruptured IAs across the categories of TBIs and ABIs.

Screening recommendations for IAs are aimed at high-risk populations, including patients with connective tissue 
disorders, autosomal dominant polycystic kidney disease, or those with one or more first-degree relatives with IAs.43 The 
prevalence of IAs in these targeted populations ranges from 10% to 19%.43 The present study demonstrates that the 
prevalence of IA in the low TBI category (< 0.5) aligns closely with the prevalence in groups recommended for IA 
screening. This suggests that TBI measurements could serve as an additional screening tool for identifying individuals at 
an elevated risk of IA. Developing an IA risk prediction model would aid physicians in comprehensive risk assessment, 
with TBI measurement offering a potential complementary aspect to other risk factors. The simplicity, cost-effectiveness, 
and widespread availability of TBI measurements make them a feasible candidate for integration into an IA risk 
assessment model.

Despite the unclear precise mechanism linking low TBI to the prevalence of IAs, the findings of these studies suggest 
that the risk factor profile of IA patients is broader than previously recognized. The present study demonstrates 
a significant correlation between diminished pressure measurements and the prevalence of IA, thus suggesting that 
cardiovascular risk factors may potentially exert a more substantial influence on the development of IA than previously 
hypothesized. These findings support the necessity for a more extensive approach to IA risk assessment, incorporating 
markers of systemic atherosclerosis in addition to traditional IA risk factors.

Limitations
The present study has limitations, including the retrospective nature of data collection, which may lead to selection bias. 
The study population underwent non-invasive pressure measurements due to the presence of lower limb symptoms. 
Consequently, patients with PAD are over-represented in this cohort, which also explains the high proportion of smokers. 
Of the original cohort of 2,757 patients, only 28% underwent cerebrovascular imaging or had ruptured IA and were 
therefore included in this study. The reasons for performing imaging varied, which could introduce selection bias. 
Additionally, despite the fact that each TBI group contained a sufficient number of patients for statistical analysis, it 
should be noted that unequal sample sizes may have a detrimental effect on statistical power, particularly in the smallest 
group. Additionally, the high prevalence of IAs in patients with low TBI suggests that selection bias alone may not 
account for these findings. However, the sample size is too small to definitively determine whether differences exist 
between TBI groups regarding ruptured IAs. In this study, imaging was performed for neurological symptoms or 
suspected symptoms, with only five patients undergoing imaging for IA screening. Thus, our findings do not determine 
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the utility of the TBI in patients with IA screening indications. These patients should continue to follow current 
guidelines, regardless of normal TBI results. A prospective study is needed to evaluate whether TBI can be used for 
IA screening.

Patients in the cohort of this study reported experiencing lower limb symptoms. A significant proportion of these 
symptoms are likely due to PAD or to spinal etiologies. PAD is thus probably over-represented in this cohort. Therefore, 
patients in this cohort are likely to have more atherosclerotic changes than the general population.

Although the study data were collected retrospectively, we were able to obtain data on smoking history from 94% of 
the patients. Missing data on smoking history were similarly distributed across the TBI groups. Due to the retrospective 
nature of this study, more comprehensive information on smoking status, such as pack years, may be impossible to obtain 
from electronic health records. The data on alcohol consumption was not available in the medical records and therefore 
could not be included as a variable.

Conclusion
Based on the present observational study, the prevalence of IAs was 16.8% in the low TBI category, which represents 
a 4-fold increase compared to the normal TBI. This finding underscores the potentially heightened accumulation of 
cardiovascular risk factors in IA patients and underscores the possible association between atherosclerosis and the 
development of IAs. However, no causal conclusions can be drawn from our results; prospective research is needed in 
this regard. These findings emphasise the potential value of TBI as a marker for identifying individuals at an elevated risk 
of unruptured IAs and thus offering valuable insights for further prospective research.
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