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Prevalence of aortic aneurysms
and dissections in patients with
systemic vessel aneurysms and
dissections; matched case-control
study using a national sample
cohort
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1Department of Neurosurgery, Ajou University School of Medicine, Ajou University Hospital, Suwon,
Republic of Korea, 2Department of Thoracic and Cardiovascular Surgery, Ajou University School of
Medicine, Ajou University Hospital, Suwon, Republic of Korea

Objective: Aneurysms in systemic arteries are rare, and little is known about their
relationship with aortic aneurysms. In this study, we aimed to evaluate the
prevalence of aortic aneurysms and dissections (AAD) in patients with other
systemic vessel aneurysms and dissections (OVAD) and identify their potential
risk factors.
Methods: This cross-sectional study used a nationwide representative cohort
sample from the Korea National Health Insurance Service-National Sample
Cohort database. We defined OVAD as systemic vessel aneurysms and
dissections excluding intracranial and aortic dissections and aneurysms. With a
total of 690 OVAD patients and 2,760 non-OVAD matched controls, we
investigated the prevalence of AAD in patients with OVAD and potential risk
factors for their concurrence using the χ2 test and logistic regression.
Results: The prevalence of AAD in patients with OVAD was 10.6% (73/690) and
0.3% (9/2,760) in patients with non-OVAD. The adjusted odds ratio (OR) for
having concurrent AAD with OVAD was 37.56 (95% CI: 18.29–77.12, p < 0.001)
after stratification by sex, age, income, region of residence and after adjustment
for hypertension, diabetes mellitus, dyslipidemia, and extent of disability. The
adjusted ORs of AAD were significantly higher in females [adjusted OR= 47.63
(95% CI: 10.72–211.55)], and individuals aged ≥60 years [adjusted OR= 28.18
(95% CI: 13.42–59.17)], as well as those without hypertension [adjusted OR=
95.44 (95% CI: 18.21–500.23)], diabetes mellitus [adjusted OR= 46.39 (95% CI:
18.85–114.17)], without dyslipidemia [adjusted OR= 60.99 (95% CI: 20.83–
178.56), p < 0.001 for all]. The prevalence of AAD significantly differed by
according to specific sites of OVAD in carotid artery, upper extremity artery, iliac
artery, lower extremity artery, and splanchnic artery (p < 0.001 for all).
Conclusions: The prevalence of AAD in patients with OVAD was 37.56 times higher
than that in the matched population. We may approach aneurysms as systemic
diseases and further investigations of pathophysiology would help to clarify the
relationships between AAD and OVAD.
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1. Introduction

Aneurysms, abnormal dilatations in blood vessels, may be a

local manifestation of systemic conditions. Most aneurysms

develop through complex processes involving the upregulation of

the proteolytic pathways, inflammation, and degradation of the

arterial wall matrix. These processes are influenced by systemic

and focal factors (1). The natural history of most aneurysms

includes an increasing risk of rupture, or in some cases

(especially popliteal aneurysms) thrombosis, distal embolization,

or both. Aneurysms can manifest in different vessels throughout

the body, with various prevalence depending on their location.

Some aneurysms in different locations share risk factors, and

other aneurysms exist concurrently with rare aneurysms,

suggesting a common pathophysiology (2–4).

The overall prevalence of aortic aneurysms and dissections

(AAD) were estimated at about 1%–3% in the general population

and up to 10% in the older age groups (5–7). This makes it a

significant cause of mortality, contributing to approximately

152,000 deaths worldwide in 2013 (8). For abdominal aortic

aneurysm (AAA), the mortality rate of ruptured AAA is between

65% and 85% (9). Guidelines have recommended screening for all

men at 65 years and all men and women with a true peripheral

aneurysm because the mortality rate associated with preventive

elective treatment is about 2%–6% (10, 11). On the other hand,

aneurysms rarely occur in patients with other systemic vessel

aneurysms and dissections (OVAD), including those of splanchnic,

renal, or limb arteries and the underlying mechanism remains

unclear. Peripheral aneurysms occur most frequently in the

popliteal artery with a prevalence of <0.1% (12). These aneurysms

are more frequent in older men, reflecting a similar demographic

to that of AAD (13). Some studies suggested screening for AAA

in patients with popliteal artery aneurysm based on their higher

prevalence in patients with popliteal aneurysm (3).

Despite the substantial clinical implications, studies on the

coexistence between AAD and OVAD are scarce. This is

primarily due to the rarity of OVAD, which results in a limited

understanding of the prevalence of specific types of OVAD and

their association with AAD. In the present study, we aimed to

evaluate the prevalence of AAD in a population-based, large

cohort of patients with OVAD and identify potential risk factors

for AAD in this population. Understanding the potential

association between AAD and OVAD could help understanding

shared underlying mechanisms and improving the ability to

screen and manage these conditions. It would enhance our

perspective of aneurysmal disease as a systemic condition and

enable the development of targeted interventions and monitoring

strategies for patients at risk.
2. Materials and methods

2.1. Data collection

This national cohort study relied on data from the Korean

Health Insurance Review and Assessment Service-National
Frontiers in Cardiovascular Medicine 02
Sample Cohort (HIRA-NSC). The HIRA-NSC selects samples

directly from the entire population database to avoid non-

sampling errors. Approximately 2% of the samples (one million)

were selected from the entire Korean population (50 million).

The selected data were classified into 1,476 levels [age (18

categories), sex (2 categories), and income level (41 categories)]

using randomized stratified systematic sampling methods via

proportional allocation to represent the entire population. After

data selection, the appropriateness of the sample was verified by

a statistician who compared the sample data with the data from

the entire Korean population. The detailed methods used to

perform these procedures are provided by the National Health

Insurance Sharing Service. The cohort database included

(i) personal information, (ii) health insurance claim codes

(procedures and prescriptions), (iii) diagnostic codes using the

International Classification of Disease-10 (ICD-10), (iv) death

records from the Korean National Statistical Office (using the

Korean Standard Classification of disease), (v) socioeconomic

data (residence and income), and (vi) medical examination data

for each participant over a period ranging from 2002 to 2013

(14–16).

We defined OVAD as systemic vessel aneurysms and

dissections excluding intracranial and aortic dissections and

aneurysms. The criteria that we employed for extracting the

OVAD cohort from the database identified subjects who had

been diagnosed at least once with the ICD diagnosis code I72.x

and the AAD cohort included subjects who had been diagnosed

at least once with ICD diagnosis code I71.x (Table 1). No

sample size analyses were done before starting the study.
2.2. Study cohort and variables

OVAD participants were selected from 1,025,343 cases

with 114,369,638 medical claim codes from 2002 through 2013

(n = 690). The non-OVAD group was included if participants

were not defined as OVAD from 2002 through 2013

(n = 1,024,653). OVAD participants were 1:4 matched with non-

OVAD participants for age, sex, income, and region of residence.

To prevent selection bias when selecting the matched participants,

the non-OVAD participants were sorted using a random number

order and were then selected from top to bottom. It was assumed

that the matched non-OVAD participants were being evaluated at

the same time as each matched OVAD. The index date refers to

the day on which the ICD code occurred. Therefore, the

participants in the non-OVAD group who died before the index

date were excluded. During matching procedure, 1,021,893 of

non-OVAD participants were excluded. Ultimately, 690 of OVAD

participants were 1:4 matched with 2,760 non-OVAD participants

(Figure 1).

The age groups were classified using the following 10-year age

intervals: 0–9, 10–19, …, 70–79, and 80 + years old. A total of 9 age

groups were designated. The income groups were initially divided

into 41 classes (one health aid class, 20 self-employment health

insurance classes, and 20 employment health insurance classes).

They were divided into 10 income brackets (deciles) based on
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TABLE 1 Sites of AAD, and OVAD according to their code.

Code Site n (%)

Total OVAD cases 690/1,025,343

(0.067%)
I72 Other aneurysm and dissection 69 (0.006%)

I72.0 Aneurysm and dissection of the carotid artery 159 (0.016%)

I72.1 Aneurysm and dissection of the artery of the
upper extremity

20 (0.002%)

I72.2 Aneurysm and dissection of the renal artery 27 (0.003%)

I72.3 Aneurysm and dissection of the iliac artery 60 (0.006%)

I72.4 Aneurysm and dissection of the artery of the
lower extremity

42 (0.004%)

I72.5 Aneurysm and dissection of other precerebral
arteries

22 (0.002%)

I72.8 Aneurysm and dissection of the splanchnic
artery

137 (0.013%)

I72.9 Aneurysm and dissection of an unspecified site 206 (0.020%)

Total AAD cases 1,546/1,025,343

(0.151%)
I71 Aortic aneurysm and dissection 108 (0.010%)

I71.0 Dissection of the aorta, any part 464 (0.045%)

I71.1 Thoracic aortic aneurysm, ruptured 45 (0.004%)

I71.2 Thoracic aortic aneurysm, without mention of
rupture

290 (0.028%)

I71.3 Abdominal aortic aneurysm, ruptured 72 (0.007%)

I71.4 Abdominal aortic aneurysm, without mention of
rupture

454 (0.044%)

I71.5 Thoracoabdominal aortic aneurysm, ruptured 23 (0.002%)

I71.6 Thoracoabdominal aortic aneurysm, without
mention of rupture

84 (0.008%)

I71.8 Aortic aneurysm of unspecified site, ruptured 45 (0.004%)

I71.9 Aortic aneurysm of unspecified site, without
mention of rupture

452 (0.044%)

OVAD, other systemic vessel aneurysms and dissections; AAD, aortic aneurysms and

dissections. Subcategories of diagnostic code were included redundantly.

FIGURE 1

A schematic illustration of the participant selection process that was used
participants were 1:4 matched with 2,760 non- OVAD participants for age, s
dissections.
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their income quintiles and then classified into lower (brackets

1–4), middle (brackets 5–7), or high (brackets 8–10) income

tiers. The region of residence was divided into 16 areas

according to administrative district. These regions were

regrouped into urban (Seoul, Busan, Daegu, Incheon, Gwangju,

Daejeon, and Ulsan) and rural (Gyeonggi, Gangwon,

Chungcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam,

Gyeongsangbuk, Gyeongsangnam, and Jeju) areas. The

participants’ prior medical histories were evaluated using ICD

codes. To ensure an accurate diagnosis, hypertension (I10 and

I15), diabetes (E10–E14), and dyslipidemia (E78) were regarded

as present if a participant was treated ≥2 time (14, 15, 17).

The severity of disability is categorized as 1–6 levels on

administrative registration, with a lower number indicating a

more severe condition. This study classified people with

disability into severe disability (levels 1–2) and mild disability

(levels 3–6) groups.
2.3. Statistical analysis

A chi-square test was used to compare general characteristics

between the OVAD and non-OVAD group (Table 2). A

conditional logistic regression model was used to analyses the

odds ratio (OR) of OVAD (independent variable) for AAD

(dependent variable). Crude (simple) and adjusted (hypertension,

diabetes mellitus, dyslipidemia, and extent of disability) models

were used in these analyses, and the 95% confidence interval (CI)

was calculated. In these analyses, age, sex, income, and region of

residence were used as stratification factors. For the subgroup

analyses using the conditional logistic regression model, we
in the present study. Of a total of 1,025,343 Participants, 690 of OVAD
ex, income, and region of residence. OVAD, other vessel aneurysms and
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TABLE 2 General characteristics of OVAD and non-OVAD participants.

Characteristics OVAD (n, %) Non-OVAD (n, %) p-value
Total participants 690 (100.0) 2,760 (100.0)

Age (years) 1.000

0–9 3 (0.4) 12 (0.4)

10–19 3 (0.4) 12 (0.4)

20–29 19 (2.8) 76 (2.8)

30–39 33 (4.8) 132 (4.8)

40–49 108 (15.7) 432 (15.7)

50–59 176 (25.5) 704 (25.5)

60–69 182 (26.4) 728 (26.4)

70–79 138 (20.0) 552 (20.0)

80+ 28 (4.1) 112 (4.1)

Age group 1.000

<60 342 (49.6) 1,368 (49.6)

≥60 348 (50.4) 1,392 (50.4)

Sex 1.000

Male 333 (48.3) 1,332 (48.3)

Female 357 (51.7) 1,428 (51.7)

Income 1.000

Low 203 (29.4) 812 (29.4)

Middle 237 (34.4) 948 (34.4)

High 250 (36.2) 1,000 (36.2)

Region of residence 1.000

Urban 357 (51.7) 1,428 (51.7)

Rural 333 (48.3) 1,332 (48.3)

Hypertension <0.001

No 230 (33.3) 1,528 (55.4)

Yes 460 (66.7) 1,232 (44.6)

Diabetes mellitus <0.001

No 479 (69.4) 2,134 (77.3)

Yes 211 (30.6) 626 (22.7)

Dyslipidemia <0.001

No 408 (59.1) 1,944 (70.4)

Yes 282 (40.9) 816 (29.6)

Extent of disability <0.001

Non-disability 561 (81.3) 2,423 (87.8)

Severe 45 (6.5) 79 (2.9)

Mild 84 (12.2) 258 (9.4)

AAD <0.001

No 617 (89.4) 2,751 (99.7)

Yes 73 (10.6) 9 (0.3)

OVAD, other vessel aneurysms and dissections; AAD, aortic aneurysms and

dissections. Age of participants was measured by the age at the time of the first

visit.

TABLE 3 Crude and adjusted odd ratios of AAD in relation to the status of
OVAD.

Variable Odd ratios for AAD

Crude Adjusteda

OR 95% CI p-
value

OR 95% CI p-
value

Total participants
Non-
OVAD

1 (ref) 1 (ref)

OVAD 36.67 18.20–73.88 <0.001* 37.56 18.29–77.12 <0.001*

Male

Non-
OVAD

1

OVAD 347.60 15.53–77.10 <0.001* 38.32 16.62–88.37 <0.001*

Female
Non-
OVAD

1

OVAD 43.66 10.20–
186.85

<0.001* 47.63 10.72–
211.55

<0.001*

Age <60 years
Non-
OVAD

1

OVAD N/A N/A

Age ≥60 years old
Non-
OVAD

1

OVAD 26.67 12.98–54.78 <0.001* 28.18 13.42–59.17 <0.001*

Low income
Non-
OVAD

1

OVAD 20.34 6.75–61.29 <0.001* 17.88 5.64–56.72 <0.001*

Middle income
Non-
OVAD

1

OVAD 66.97 15.70–
285.67

<0.001* 90.52 19.43–
421.68

<0.001*

High income
Non-
OVAD

1

OVAD 38.54 11.62–
127.78

<0.001* 35.80 10.56–
121.33

<0.001*

Urban resident
Non-
OVAD

1

OVAD 59.19 17.94–
195.27

<0.001* 71.85 20.52–
251.57

<0.001*

Rural resident
Non-
OVAD

1

OVAD 25.94 10.90–61.73 <0.001* 26.65 10.91–65.01 <0.001*

Non-hypertension
Non-
OVAD

1

OVAD 70.81 15.78–
317.81

<0.001* 95.44 18.21–
500.23

<0.001*

Hypertension
Non-
OVAD

1

OVAD 26.16 11.12–61.55 <0.001* 27.14 11.48–64.20 <0.001*

(Continued)

Song et al. 10.3389/fcvm.2023.1266430
divided participants by age (<60 years and ≥60 years), sex (men

and women), income (low, middle, and high), and region of

residence (urban and rural residents). We performed additional

subgroup analyses using the conditional logistic regression

model, we divided participants by hypertension, diabetes

mellitus, dyslipidemia and extent of disability (Table 3). Fisher’s

exact test was used to compare the prevalence of dependent

variable between the OVAD and non-OVAD group (Table 4).

Two-tailed analyses were performed, and significance was defined

as p-values less than 0.05. With Bonferroni correction, we

considered p-values less than 0.05/9 to account for the increased

risk of type I error associated with conducting multiple statistical

tests (Table 4). The Statistical Analysis System (SAS) version 9.4
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TABLE 3 Continued

Variable Odd ratios for AAD

Crude Adjusteda

OR 95% CI p-
value

OR 95% CI p-
value

Non-diabetes mellitus
Non-
OVAD

1

OVAD 41.96 17.73–99.32 <0.001* 46.39 18.85–
114.17

<0.001*

Diabetes mellitus
Non-
OVAD

1

OVAD 24.23 7.06–83.18 <0.001* 34.94 8.69–140.47 <0.001*

Non-dyslipidemia
Non-
OVAD

1

OVAD 51.32 18.25–
144.29

<0.001* 60.99 20.83–
178.56

<0.001*

Dyslipidemia
Non-
OVAD

1

OVAD 19.99 7.57–52.77 <0.001* 19.72 7.31–53.14 <0.001*

Non-disability
Non-
OVAD

1

OVAD 44.21 18.85–
103.67

<0.001* 46.68 19.47–
111.90

<0.001*

Severe disability
Non-
OVAD

1

OVAD N/A N/A

Mild disability
Non-
OVAD

1

OVAD 13.51 2.76–66.04 0.001* 25.65 2.74–239.73 <0.001*

OR, odds ratio; CI, confidence interval; AAD, aortic aneurysms and dissections;

OVAD, other vessel aneurysms and dissections; ref, reference; N/A, not available.
aAdjusted models were stratified by age, sex, income, and region of residence and

adjusted for hypertension, diabetes mellitus, dyslipidemia, and extent of disability.

*Conditional and unconditional logistic regression model, significance at p < 0.05.

TABLE 4 Prevalence of AAD according to the specific sites of OVAD
(2002–2013).

OVAD Non-AAD
cases

(n = 1,023,797)
(n, %)

AAD cases
(n = 1,546)
(n, %)

p-
value

I72 Aneurysm and
dissection

617 (0.06) 73 (4.72) <0.001*

I72.0 Aneurysm and
dissection of the carotid
artery

155 (0.02) 4 (0.26) <0.001*

I72.1 Aneurysm and
dissection of the artery
of the upper extremity

20 (0.00) 0 (0.00) <0.001*

I72.2 Aneurysm and
dissection of the renal
artery

22 (0.00) 5 (0.32) 0.970

I72.3 Aneurysm and
dissection of the iliac
artery

33 (0.00) 27 (1.75) <0.001*

I72.4 Aneurysm and
dissection of the artery
of the lower extremity

36 (0.00) 6 (0.39) <0.001*

I72.5 Aneurysm and
dissection of other
precerebral arteries

22 (0.00) 0 (0.00) 0.967

I72.8 Aneurysm and
dissection of the
splanchnic artery

121 (0.01) 16 (1.03) <0.001*

I72.9 Aneurysm and
dissection of an
unspecified site

187 (0.02) 19 (1.23) <0.001*

AAD, aortic aneurysms and dissections; OVAD, other vessel aneurysms and

dissections; Subcategories of OVAD diagnostic code were included redundantly.

*Fisher’s exact test. Significance at p < 0.05/9 for Bonferroni correction.

Song et al. 10.3389/fcvm.2023.1266430
(SAS Institute Inc., Cary, NC, USA) were used for statistical

analyses.
2.4. Ethics

This study adhered to the tenants of the Declaration of

Helsinki and was approved by the Institutional Review Board

of Ajou University School of Medicine (institutional review

board number: AJIRB-MED-EXP-19-544). All analyses adhered

to the guidelines and regulations of the ethics committee of

Ajou University School of Medicine. The requirement for

written informed consent was waived because the Korea

National Health Insurance Service-National Sample Cohort

data set consists of de-identified secondary data for research

purposes.
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3. Results

3.1. Baseline characteristics

The detailed code and numbers for OVAD and AAD are

described in Table 1. For the entire cohort, the baseline

prevalences of OVAD and AAD were 0.067% (690/1,025,343)

and 0.151% (1,546/1,025,343), respectively.

Table 2 presents the general characteristics of OVAD and non-

OVAD participants, matched for age, sex, income, and region of

residence. A total of 690 OVAD and 2,760 non-OVAD

participants were included in the study. The age distribution; sex

ratio; the proportions of low, middle, and high-income

participants; and the proportion of urban and rural residents

were comparable between two groups. However, the prevalence

of AAD was significantly higher in the OVAD group (10.6%)

compared to non-OVAD group (0.3%, p < 0.001). And the

OVAD group had significantly higher rates of hypertension

(66.7% vs. 44.6%), diabetes mellitus (30.6% vs. 22.7%), and

dyslipidemia (40.9% vs. 29.6%) than the non-OVAD group (p <

0.001 for all). In addition, the extent of disability was higher in

the OVAD group, with a higher proportion of participants with

severe (6.5% vs. 2.9%) and mild (12.2% vs. 9.4%) disabilities.

These findings suggest that patients with OVAD have a higher
frontiersin.org
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prevalence of comorbidities and disabilities, as well as a higher

likelihood of having AAD compared to non-OVAD participants.
3.2. Prevalence of aortic aneurysm and
dissection

Table 3 presents the crude and adjusted OR of AAD in relation

to the status of OVAD. The analysis was stratified by factors such as

sex, age, income, region of residence and adjusted for hypertension,

diabetes mellitus, dyslipidemia, and extent of disability. Our

analysis demonstrated a significant association between the

presence of OVAD and the occurrence of AAD. The adjusted

OR for AAD in the total participants was 37.56 (95% CI: 18.29–

77.12, p < 0.001) in comparison to non-OVAD indicating that the

patients with OVAD were approximately 37.56 times more likely

to have AAD than those without OVAD. In the stratified

analysis, the adjusted ORs of AAD were notably higher among

females (adjusted OR = 47.63), individuals aged ≥60 years

(adjusted OR = 28.18), middle-income earners (adjusted OR =

90.52), and urban residents (adjusted OR = 71.85, p < 0.001 for

all). The adjusted ORs of AAD were higher in patients without

hypertension (adjusted OR = 95.44), diabetes mellitus (adjusted

OR = 46.39), dyslipidemia (adjusted OR = 60.99), and disability

(adjusted OR = 46.48, p < 0.001 for all). These findings suggest

the association between these confounders and an increased

likelihood of AAD in patients with OVAD even after

stratification and adjustment for several confounders.

Table 4 presents the prevalence of AAD according to specific

sites of OVAD and compares the prevalence of AAD participants

(n = 1,546) and non-AAD participants (n = 1,023,797) across

various diagnostic codes (I72.0–I72.9). A significant difference in

prevalence was observed between AAD and non-AAD

participants in several OVAD subcategories. The prevalence of

OVAD of carotid artery (I72.0) was 0.02% (n = 155) in non-AAD

participants, whereas the AAD participants demonstrated a

higher prevalence of 0.26% (n = 4, p < 0.001). Similar significant

differences were observed in other subcategories; upper extremity

artery, iliac artery, lower extremity artery, and splanchnic artery

(p < 0.001 for all). However, no significant differences were found

for renal artery (p = 0.970) and other precerebral arteries

(p = 0.967). These findings suggest that the presence of AAD

varies substantially depending on the specific site of OVAD.
4. Discussion

The present study demonstrated that the prevalence of AAD in

patients with OVAD was 37.56 times higher than that in the

matched population. OVAD patients without known

cardiovascular risk factors, such as hypertension, diabetes

mellitus, and dyslipidemia showed an increased OR after

stratification by age, sex, income, and region of residence and

after adjustment for hypertension, diabetes mellitus, dyslipidemia,

and extent of disability. This implies that these subgroups had an

even higher likelihood of coexisting AAD. This is the first
Frontiers in Cardiovascular Medicine 06
population-based study to investigate the prevalence of AAD in

patients with OVAD.

There are few reports about the prevalence of AAD in

patients with OVAD because the rarity of most OVAD, such as

those affecting splenic or pulmonary arteries, upper limb

arteries. Consequently, little is known about their prevalence,

and they do not seem to be associated with the more common

aneurysms observed in other locations (1). The coexistence of

AAD and OVAD has been partially reported in previous

studies. Among peripheral aneurysms, popliteal artery

aneurysms are the most common, with a prevalence of <0.1%

(12). They are common in individuals in their 70s and in men,

which is a characteristic similar to that of an aortic aneurysm

(13). Patients with popliteal artery aneurysms have a higher

risk of concurrent peripheral and aortic aneurysms (4).

Approximately 64% of these patients have contralateral

popliteal artery aneurysms. Moreover, 40%–60% of cases

present with a simultaneous abdominal aortic aneurysm, and

this prevalence further rises to 70% when bilateral popliteal

aneurysms are present (18–21). The femoral artery is another

common site for concurrent aneurysms, in nearly 40% of cases

(20). Conversely, a large-scale population screening study

reported that 25% of AAAs have coexisting common iliac

arteries, and in 7% of these patients have concurrent internal

iliac artery aneurysms (22). Another study with AAA patients

revealed a 14% incidence of popliteal artery aneurysm (23). In

an autopsy study of 205 cases of thoracic aortic aneurysm,

43% of men and 26% of women with a thoracic aortic

aneurysm had concurrent abdominal aortic, iliac, or femoral

aneurysms (5). Patients with AAAs show mild dilation and

reduced distensibility in their carotid arteries compared to

controls (24, 25).

Previous reports also showed the coexistence of aneurysms in

different locations, suggesting a common pathophysiology.

Recent systemic review demonstrated that one in six patients

with a primary aneurysm harbors a concurrent aneurysm, and

one in four if the patient has a popliteal aneurysm (4). In our

previous population-based study, the prevalence of intracranial

aneurysm in patients with OVAD was 25.7%, which is

approximately 20 times higher than that in the general

population. We also showed the prevalence of intracranial

aneurysm in patients with AAD was 6.8%, which is

approximately 4 times higher than that in the general population

(14). Another study demonstrated an increased prevalence of

extracranial carotid artery aneurysms in patients with intracranial

aneurysm (26). They showed that the prevalence of these

aneurysms in patients with intracranial aneurysm was 2%, which

is higher than that in the general population (<1%) (27, 28).

Intracranial aneurysms showed a higher prevalence in patients

with other vasculopathies, such as cervicocephalic arteriopathies

(15, 29), bicuspid aortic valve, coarctation of the aorta (30),

aortic aneurysm (14, 29), and dissection (14, 29), and in patients

with systemic vessel aneurysms (15). About 7% of patients with

AAAs and 5% with thoracic aortic aneurysms have an

intracranial aneurysm (2, 5). Previous reports demonstrated that

patients with aneurysmal disease often exhibit abnormalities
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throughout their entire vascular tree. For instance, AAA has been

reported to be associated with generalized arteriomegaly (22).

Changes in the matrix composition found in AAA walls have

been observed in non-aneurysmal aortic segments and the

inferior mesenteric vein (31, 32). Additionally, patients with

coronary artery ectasia often experience varicose (33). The

investigation of etiology and pathogenesis in aneurysmal disease

is particularly focused on patients with multiple aneurysms, as

they may provide insights into the underlying mechanisms. Only

minority of patients with aneurysms have identifiable

pathological causes, while the underlying mechanisms for most

aneurysms are unknown and debated. Both systemic and focal

factors may play a role in their pathogenesis. Aneurysms in other

systemic vessels are rare, with limited knowledge about their

prevalence or pathophysiology. In the present study, we observed

that the adjusted OR of AAD is higher in females and those

without hypertension. Genetic predisposition that influences the

structural integrity of the vascular system or metabolic factors

might be plausible explanations (34). Also, it may imply that

certain hormonal fluctuations in females especially those related

to estrogen that have been implicated in various vascular

conditions might predispose them to a higher risk of AAD (35, 36).

There is no specific recommendation for the screening of

AAD in patients with OVAD. The rupture of an AAA is a life-

threatening event that is associated with substantial morbidity

and mortality. Preventive treatment-related mortality of

unruptured aortic aneurysm is relatively low (10). Identifying

the increased likelihood of concurrent aneurysm elsewhere in

those with OVAD plays an essential role in the appropriate

care of this patient population. This study showed that the

prevalence of AAD in patients with OVAD was 37.56 times

higher than that in the matched population. It might imply

that there would be a remaining large component of

unmeasured determinants, such as genetic factors or other

metabolic risk factors. Efforts to investigate aneurysmal disease

as a systemic disease and further epidemiologic and pathologic

studies are needed. The present study also demonstrated that

the presence of AAD varies substantially depending on the

specific site of OVAD, emphasizing the importance of

considering the site of OVAD when assessing the risk of AAD

in patients. This information might be helpful for clinicians

when evaluating patients with OVAD, screening them identify

individuals with a higher likelihood of developing AAD and

enabling better-targeted interventions and monitoring

strategies.

Our study has several potential limitations. First, we were

unable to investigate lifestyle risk factors, such as body mass

index, smoking status, sleep, and alcohol consumption because

this information was not available in the HIRA-NCS database.

Other vascular risk factors, such as chronic kidney disease,

chronic inflammation, and family history were not included.

Therefore, these possible confounding factors could not be

controlled and statistical matching techniques, such as propensity

score matching to address these concerns were not applied in

this study. The lack of data and analysis is a major limitation of

this study. Further studies using medical database established for
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research purpose are needed. Second, the absence of information

on disease severity and subtype limited the possibility of a more

detailed analysis, which would have enabled the authors to

suggest a more intricate disease mechanism. Third, the observed

prevalence of OVAD compared to AAD is higher than previous

reports. While this study was based on a large population-based

cohort, ensuring ample statistical power and reduced selection

bias compared to retrospective reviews of hospital records, it may

still have been susceptible to accessibility bias and coding

practices by each physician. Therefore, it should be cautious to

interpretate our findings. Fourth, the diagnoses of AAD, OVAD,

hypertension, diabetes mellitus, and dyslipidemia were based on

only the ICD code, which might be less accurate compared to

the diagnoses based on medical record data, including medical

history, evaluated images, and prescribed drugs. Fifths, we did

not exclude the pediatric population. Pediatric OVAD is an

extraordinarily rare and completely different spectrum of disease.

It might interfere with interpreting accurate results. Sixths, this

study lacked the analysis according to the different location and

pathology. The association of iliac or popliteal artery aneurysms

and AAA is well known and it might affect the result of this

study. Lastly, the cross-sectional design of the study implies that

these new findings were based on the assumption that AAD

precedes OVAD in onset. Verifying the validity of this

assumption is challenging due to varying prevalence and onset of

OVAD reported in different studies.

In conclusion, aneurysms may be a focal manifestation of

systemic conditions. This is the first prevalence study of AAD in

patients with OVAD. This nationwide, population-based study

found that the prevalence of AAD in patients with OVAD is

10.6% and the adjusted OR was 37.56 times higher than that in

the matched population. However, sparse knowledge on the

optimal screening of AAD is provided to patients with OVAD.

Physicians approach aneurysms as a systemic disease. In

addition, further investigations regarding the epidemiology and

pathophysiology of AAD in OVAD are required to yield

conclusive results.
Data availability statement

Publicly available datasets were analyzed in this study. This

data can be found here: All data is available from the database of

Korea national health insurance sharing service (https://nhiss.

nhis.or.kr). KNHISS does not allow researchers to provide data

to other sites personally. Therefore, the authors do not have the

right to provide materials to another person or institution. In

order to access the original data of this paper, you can follow the

KNHISS guidelines and promise to follow the research ethics

through the website, and then provide a certain fee and request

the raw data. This process requires IRB approval. Everyone can

apply for the data at the HIRA-NPS web site (http://nhiss.nhis.

or.kr/, tel: +82-33-736-2430, 2431). These processes are intended

to get consent from all researchers for the compliance of ethical

guidelines not to impede the data sharing. The authors did not

have special access privileges to these data sets.
frontiersin.org

https://nhiss.nhis.or.kr
https://nhiss.nhis.or.kr
http://nhiss.nhis.or.kr/
http://nhiss.nhis.or.kr/
https://doi.org/10.3389/fcvm.2023.1266430
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Song et al. 10.3389/fcvm.2023.1266430
Ethics statement

The studies involving humans were approved by Institutional

Review Board of Ajou University School of Medicine (AJIRB-

MED-EXP-19-544). The studies were conducted in accordance

with the local legislation and institutional requirements. Written

informed consent for participation was not required from the

participants or the participants’ legal guardians/next of kin in

accordance with the national legislation and institutional

requirements.
Author contributions

JS: Conceptualization, Data curation, Formal analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Visualization,

Writing – original draft, Writing – review & editing. YL: Formal

Analysis, Project administration, Validation, Writing – review &

editing. DK: Formal analysis, Investigation, Writing – review &

editing.
Funding

The authors declare financial support was received for the

research, authorship, and/or publication of this article.
Frontiers in Cardiovascular Medicine 08
This work was supported by the National Research Foundation

of Korea (NRF) grant funded by the Ministry of Science, ICT &

Future Planning (grant number: 2022R1F1A1069656 to JS). The

funders had no involvement in the study design or collection,

analysis, and interpretation of data.
Acknowledgments

No preregistration exists for the studies reported in this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Norman PE, Powell JT. Site specificity of aneurysmal disease. Circulation. (2010)
121(4):560–8. doi: 10.1161/CIRCULATIONAHA.109.880724

2. Miyazawa N, Akiyama I, Yamagata Z. Risk factors for the association of
intracranial and aortic aneurysms. Acta Neurochir (Wien). (2007) 149(3):221–9;
discussion 9. doi: 10.1007/s00701-006-1077-x

3. Morris-Stiff G, Haynes M, Ogunbiyi S, Townsend E, Shetty S, Winter RK, et al. Is
assessment of popliteal artery diameter in patients undergoing screening for
abdominal aortic aneurysms a worthwhile procedure. Eur J Vasc Endovasc Surg.
(2005) 30(1):71–4. doi: 10.1016/j.ejvs.2005.02.046

4. van Laarhoven C, Jorritsma NKN, Balderston J, Brinjikji W, Bjorck M, van
Herwaarden JA, et al. Systematic review of the co-prevalence of arterial aneurysms
within the vasculature. Eur J Vasc Endovasc Surg. (2021) 61(3):473–83. doi: 10.
1016/j.ejvs.2020.10.002

5. Svensjo S, Bengtsson H, Bergqvist D. Thoracic and thoracoabdominal aortic
aneurysm and dissection: an investigation based on autopsy. Br J Surg. (1996) 83
(1):68–71. doi: 10.1002/bjs.1800830122

6. Oshin OA, Scurr JR, Fisher RK. Nationwide study of the outcome of popliteal
artery aneurysms treated surgically (Br J Surg 2007; 94: 970–977). Br J Surg. (2007)
94(11):1437; author reply -8. doi: 10.1002/bjs.6063

7. Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured
intracranial aneurysms, with emphasis on sex, age, comorbidity, country, and time
period: a systematic review and meta-analysis. Lancet Neurol. (2011) 10(7):626–36.
doi: 10.1016/S1474-4422(11)70109-0

8. Collaborators GBDRF, Forouzanfar MH, Alexander L, Anderson HR, Bachman
VF, Biryukov S, et al. Global, regional, and national comparative risk assessment of
79 behavioural, environmental and occupational, and metabolic risks or clusters of
risks in 188 countries, 1990–2013: a systematic analysis for the global burden of
disease study 2013. Lancet. (2015) 386(10010):2287–323. doi: 10.1016/S0140-6736
(15)00128-2

9. Kniemeyer HW, Kessler T, Reber PU, Ris HB, Hakki H, Widmer MK. Treatment
of ruptured abdominal aortic aneurysm, a permanent challenge or a waste of
resources? Prediction of outcome using a multi-organ-dysfunction score. Eur J Vasc
Endovasc Surg. (2000) 19(2):190–6. doi: 10.1053/ejvs.1999.0980
10. Kent KC, Zwolak RM, Jaff MR, Hollenbeck ST, Thompson RW, Schermerhorn
ML, et al. Screening for abdominal aortic aneurysm: a consensus statement. J Vasc
Surg. (2004) 39(1):267–9. doi: 10.1016/j.jvs.2003.08.019

11. Wanhainen A, Verzini F, Van Herzeele I, Allaire E, Bown M, Cohnert T, et al.
Editor’s choice—European society for vascular surgery (Esvs) 2019 clinical practice
guidelines on the management of abdominal aorto-iliac artery aneurysms. Eur
J Vasc Endovasc Surg. (2019) 57(1):8–93. doi: 10.1016/j.ejvs.2018.09.020

12. Henke PK. Popliteal artery aneurysms: tried, true, and new approaches to therapy.
Semin Vasc Surg. (2005) 18(4):224–30. doi: 10.1053/j.semvascsurg.2005.09.009

13. Szilagyi DE, Schwartz RL, Reddy DJ. Popliteal arterial aneurysms. Their natural
history and management. Arch Surg. (1981) 116(5):724–8. doi: 10.1001/archsurg.1981.
01380170194034

14. Song J, Lim YC, Ko I, Kim JY, Kim DK. Prevalence of intracranial aneurysm in
patients with aortic disease in Korea: a nationwide population-based study. J Am
Heart Assoc. (2021) 10(6):e019009. doi: 10.1161/JAHA.120.019009

15. Song J, Lim YC, Ko I, Kim JY, Kim DK. Prevalence of intracranial aneurysms in
patients with systemic vessel aneurysms: a nationwide cohort study. Stroke. (2020) 51
(1):115–20. doi: 10.1161/STROKEAHA.119.027285

16. Choi HG, Lee MJ, Lee SM. Visual impairment and risk of depression: a
longitudinal follow-up study using a national sample cohort. Sci Rep. (2018) 8
(1):2083. doi: 10.1038/s41598-018-20374-5

17. Kim SY, Lee JK, Sim S, Choi HG. Hearing impairment increases the risk of distal
radius, hip, and spine fractures: a longitudinal follow-up study using a national sample
cohort. PLoS One. (2018) 13(2):e0192820. doi: 10.1371/journal.pone.0192820

18. Shiwani H, Baxter P, Taylor E, Bailey MA, Scott DJA. Modelling the growth of
popliteal artery aneurysms. Br J Surg. (2018) 105(13):1749–52. doi: 10.1002/bjs.10955

19. Cecenarro RR, Allende JN, Barreras Molinelli L, Antueno FJ, Gramatica L.
Popliteal artery aneurysms: literature review and presentation of case. Rev Fac Cien
Med Univ Nac Cordoba. (2018) 75(1):41–5. doi: 10.31053/1853.0605.v75.n1.16097

20. Vermilion BD, Kimmins SA, Pace WG, Evans WE. A review of one hundred
forty-seven popliteal aneurysms with long-term follow-up. Surgery. (1981) 90
(6):1009–14.
frontiersin.org

https://doi.org/10.1161/CIRCULATIONAHA.109.880724
https://doi.org/10.1007/s00701-006-1077-x
https://doi.org/10.1016/j.ejvs.2005.02.046
https://doi.org/10.1016/j.ejvs.2020.10.002
https://doi.org/10.1016/j.ejvs.2020.10.002
https://doi.org/10.1002/bjs.1800830122
https://doi.org/10.1002/bjs.6063
https://doi.org/10.1016/S1474-4422(11)70109-0
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1053/ejvs.1999.0980
https://doi.org/10.1016/j.jvs.2003.08.019
https://doi.org/10.1016/j.ejvs.2018.09.020
https://doi.org/10.1053/j.semvascsurg.2005.09.009
https://doi.org/10.1001/archsurg.1981.01380170194034
https://doi.org/10.1001/archsurg.1981.01380170194034
https://doi.org/10.1161/JAHA.120.019009
https://doi.org/10.1161/STROKEAHA.119.027285
https://doi.org/10.1038/s41598-018-20374-5
https://doi.org/10.1371/journal.pone.0192820
https://doi.org/10.1002/bjs.10955
https://doi.org/10.31053/1853.0605.v75.n1.16097
https://doi.org/10.3389/fcvm.2023.1266430
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Song et al. 10.3389/fcvm.2023.1266430
21. Whitehouse WM J, Wakefield TW, Graham LM, Kazmers A, Zelenock GB,
Cronenwett JL, et al. Limb-threatening potential of arteriosclerotic popliteal artery
aneurysms. Surgery. (1983) 93(5):694–9.

22. Norman PE, Lawrence-Brown M, Semmens J, Mai Q. The anatomical
distribution of iliac aneurysms: is there an embryological basis? Eur J Vasc
Endovasc Surg. (2003) 25(1):82–4. doi: 10.1053/ejvs.2002.1780

23. Diwan A, Sarkar R, Stanley JC, Zelenock GB, Wakefield TW. Incidence of
femoral and popliteal artery aneurysms in patients with abdominal aortic
aneurysms. J Vasc Surg. (2000) 31(5):863–9. doi: 10.1067/mva.2000.105955

24. Johnsen SH, Joakimsen O, Singh K, Stensland E, Forsdahl SH, Jacobsen BK.
Relation of common carotid artery lumen diameter to general arterial dilating
diathesis and abdominal aortic aneurysms: the Tromso study. Am J Epidemiol.
(2009) 169(3):330–8. doi: 10.1093/aje/kwn346

25. Makita S, Ohira A, Tachieda R, Itoh S, Moriai Y, Niinuma H, et al. Dilation and
reduced distensibility of carotid artery in patients with abdominal aortic aneurysms.
Am Heart J. (2000) 140(2):297–302. doi: 10.1067/mhj.2000.108000

26. Pourier VEC, van Laarhoven C, Vergouwen MDI, Rinkel GJE, de Borst GJ.
Prevalence of extracranial carotid artery aneurysms in patients with an
intracranial aneurysm. PLoS One. (2017) 12(11):e0187479. doi: 10.1371/journal.
pone.0187479

27. Welleweerd JC, den Ruijter HM, Nelissen BG, Bots ML, Kappelle LJ, Rinkel GJ,
et al. Management of extracranial carotid artery aneurysm. Eur J Vasc Endovasc Surg.
(2015) 50(2):141–7. doi: 10.1016/j.ejvs.2015.05.002

28. Donas KP, Schulte S, Pitoulias GA, Siebertz S, Horsch S. Surgical outcome of
degenerative versus postreconstructive extracranial carotid artery aneurysms. J Vasc
Surg. (2009) 49(1):93–8. doi: 10.1016/j.jvs.2008.08.006
Frontiers in Cardiovascular Medicine 09
29. Yu X, Xia L, Jiang Q, Wei Y, Wei X, Cao S. Prevalence of intracranial aneurysm
in patients with aortopathy: a systematic review with meta-analyses. J Stroke. (2020) 22
(1):76–86. doi: 10.5853/jos.2019.01312

30. Connolly HM, Huston J 3rd, Brown RD Jr., Warnes CA, Ammash NM, Tajik AJ.
Intracranial aneurysms in patients with coarctation of the aorta: a prospective
magnetic resonance angiographic study of 100 patients. Mayo Clin Proc. (2003) 78
(12):1491–9. doi: 10.4065/78.12.1491

31. Baxter BT, Davis VA, Minion DJ, Wang YP, Lynch TG, McManus BM.
Abdominal aortic aneurysms are associated with altered matrix proteins of the
nonaneurysmal aortic segments. J Vasc Sur. (1994) 19(5):797–802; discussion 3.
doi: 10.1016/s0741-5214(94)70004-4

32. Goodall S, Crowther M, Hemingway DM, Bell PR, Thompson MM. Ubiquitous
elevation of matrix metalloproteinase-2 expression in the vasculature of patients with
abdominal aneurysms. Circulation. (2001) 104(3):304–9. doi: 10.1161/01.cir.104.3.304

33. Androulakis AE, Katsaros AA, Kartalis AN, Stougiannos PN, Andrikopoulos
GK, Triantafyllidi EI, et al. Varicose veins are common in patients with coronary
artery ectasia. Just a coincidence or a systemic deficit of the vascular wall? Eur
J Vasc Endovasc Surg. (2004) 27(5):519–24. doi: 10.1016/j.ejvs.2004.02.023

34. Setty BA, Wusik K, Hammill AM. How we approach genetics in the diagnosis
and management of vascular anomalies. Pediatr Blood Cancer. (2022) 69(Suppl 3):
e29320. doi: 10.1002/pbc.29320

35. Schramm K, Rochon PJ. Gender differences in peripheral vascular disease. Semin
Intervent Radiol. (2018) 35(1):9–16. doi: 10.1055/s-0038-1636515

36. Boese AC, Kim SC, Yin KJ, Lee JP, Hamblin MH. Sex differences in vascular
physiology and pathophysiology: estrogen and androgen signaling in health and disease.
Am J Physiol Heart Circ Physiol. (2017) 313(3):H524–45. doi: 10.1152/ajpheart.00217.2016
frontiersin.org

https://doi.org/10.1053/ejvs.2002.1780
https://doi.org/10.1067/mva.2000.105955
https://doi.org/10.1093/aje/kwn346
https://doi.org/10.1067/mhj.2000.108000
https://doi.org/10.1371/journal.pone.0187479
https://doi.org/10.1371/journal.pone.0187479
https://doi.org/10.1016/j.ejvs.2015.05.002
https://doi.org/10.1016/j.jvs.2008.08.006
https://doi.org/10.5853/jos.2019.01312
https://doi.org/10.4065/78.12.1491
https://doi.org/10.1016/s0741-5214(94)70004-4
https://doi.org/10.1161/01.cir.104.3.304
https://doi.org/10.1016/j.ejvs.2004.02.023
https://doi.org/10.1002/pbc.29320
https://doi.org/10.1055/s-0038-1636515
https://doi.org/10.1152/ajpheart.00217.2016
https://doi.org/10.3389/fcvm.2023.1266430
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Prevalence of aortic aneurysms and dissections in patients with systemic vessel aneurysms and dissections; matched case-control study using a national sample cohort
	Introduction
	Materials and methods
	Data collection
	Study cohort and variables
	Statistical analysis
	Ethics

	Results
	Baseline characteristics
	Prevalence of aortic aneurysm and dissection

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


