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Purpose: Abdominal arteries differ from the arteries located at the extremities in histolo-
gical composition and clinical features. This study investigated the distributional pattern of 
atherosclerosis in arteries of the abdomen and lower extremities and its association with 
clinical and hematologic factors.
Patients and Methods: This retrospective study included 227 patients with atherosclerosis 
who underwent computed tomography angiography (CTA) of the abdomen and lower extremi-
ties. The distributional pattern of atherosclerosis was categorized into type 1 (suprainguinal 
elastic), type 2 (infrainguinal muscular), and type 3 (both arterial involvement). Chi-square tests, 
Mann–Whitney U-tests, and logistic regression analysis were used to investigate the data.
Results: Of the 227 patients, 132 (58%) had type 1 and 95 (42%) had type 3 atherosclerosis. 
None had type 2. Older age, heavier smoking, and higher levels of HbA1c and homocysteine 
were the significant risk factors for type 3 atherosclerosis (odds ratio: 1.076, 1.023, 1.426, and 
1.130, respectively). Patients with type 3 showed significantly lower right and left ankle and toe 
brachial indices compared to type 1 (P: 0.029, 0.023, 0.003, and <0.001, respectively).
Conclusion: In arteries of the abdomen and lower extremities, atherosclerosis may occur 
initially at suprainguinal elastic arteries. In addition, the significant risk factors for type 3 
atherosclerosis may contribute to the development of atherosclerosis at infrainguinal mus-
cular arteries and deteriorate the peripheral arterial circulation. Therefore, if atherosclerotic 
lesions are found at the suprainguinal elastic arteries on CTA, to prevent atherosclerosis at 
infrainguinal muscular arteries and subsequent peripheral arterial ischemic disease, cessation 
of smoking and control of blood glucose and homocysteine may be recommended, especially 
in elderly patients.
Keywords: atherosclerosis, elastic arteries, muscular arteries, risk factors

Introduction
Although individual risk factors for atherosclerosis are still being elucidated, aging, 
diabetes mellitus, a history of smoking, hyperlipidemia, hypertension, and a family 
history of peripheral arterial disease or antiphospholipid syndrome are well-known 
factors for an increased risk.1–3 In addition, it is known that aging progressively 
deteriorates elastin through proteolytic degradation and mechanical fatigue 
fracture4–6 and the subsequent elastin-derived peptides (EDPs), released by elastin 
degradation, are known to accelerate atherosclerosis.6 The ratio of elastin to 
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collagen decreases with increasing distance from the heart, 
while the relative number of vascular smooth muscle cells 
(VSMCs) increases, continuing to the distal end of the leg 
arteries.7,8 Thus, arteries can be classified into two main 
types, elastic and muscular arteries, of which aorta and 
femoral arteries are typical examples, respectively.9

Computed tomography angiography (CTA) is a useful 
method to reveal the overall distribution of atherosclerotic 
plaque and calcification throughout the body and is fre-
quently used for the diagnosis of arterial diseases. In the 
present study, we aimed to investigate the distribution 
pattern of atherosclerosis between the suprainguinal elastic 
and infrainguinal muscular arteries of the abdomen and 
lower extremities via CTA and its association with con-
current clinical and hematologic factors.

Patients and Methods
Patients and Computed Tomography 
Angiography
Between January 1, 2018, and July 31, 2019, 289 conse-
cutive patients with pain or discomfort in the lower extre-
mities who opted for a vascular health screening exam 
underwent CTA of the abdomen and lower extremities, 
hematology testing, and clinical examination in the divi-
sion of vascular surgery at our hospital. Male and female 
patients with atherosclerosis in the arteries of the abdomen 
and lower extremities were eligible for the study.

The CTA images (Definition AS+, Siemens Healthcare, 
Forchheim, Germany) of the peripheral arteries were 
acquired during continuous infusion of a contrast agent 
(2mL/kg of Ultravist 300, Bayer Health Care, Wayne, NJ, 
USA) and the acquisition was initiated by bolus tracking 
software (DynEVA software, Siemens Medical Solution, 
Forchheim, Germany). The scan acquisition was started 
when the density within the vascular lumen reached more 
than 150 Hounsfield units (HU) at a region of interest in 
the abdominal aorta at the level of the celiac origin. The 
contrast agent was injected at 4~5 mL/s via a large bore 
(22 G) intravenous cannula. Images were acquired in 
a cranial to caudal direction with a slice thickness of 
1 mm or less and collimator thickness of 0.4–0.6 mm. 
The 3D dataset was reconstructed with multiplanar refor-
matted (MPR), maximum intensity projection (MIP), and 
volume-rendered (VR) algorithms.

Coronal MPR and axial images were reconstructed 
automatically immediately following the CTA image 
acquisition. Image data was then transferred to dedicated 

post-processing software where specific MIP and VR 
images were created. The presence of any atherosclerotic 
plaques or calcifications in the arteries was diagnosed as 
atherosclerosis, regardless of the size of the lesions or the 
hemodynamic status of the arteries. To minimize artifacts 
by dense calcifications or calcific plaque, a window level 
of 200 HU and width of 1000 HU were used. Both the 
reconstruction and source images were analyzed to 
improve the detection of calcified arteries.

There was no case of exclusion due to poor imaging 
quality. Among the 289 patients, 62 with normal arteries 
were excluded from the study. The remaining 227 patients 
with atherosclerosis were included. Of the 227 patients, 22 
underwent interventional or surgical treatment, including 
14 endovascular interventions, 6 bypass surgeries, and 2 
hybrid procedures including both endovascular interven-
tions and bypass surgery. The remaining 205 patients were 
treated conservatively.

Demographic and Clinical Data
The demographic and clinical factors included in this study 
were age, sex, hypertension, diabetes mellitus, smoking 
status, and alcohol consumption. Based on the ratio of 
elastin and VSMCs in the arterial wall, arteries of the abdo-
men and lower extremities were categorized into suprain-
guinal elastic and infrainguinal muscular arteries.7–9 The 
arteries at or above the inguinal ligament, except the 
splanchnic arteries, were defined as suprainguinal elastic 
arteries, and those below the inguinal ligament were defined 
as infrainguinal muscular arteries. In the arteries of the 
abdomen and lower extremities, atherosclerosis was classi-
fied into 3 types according to the location of the athero-
sclerotic lesions. Specifically, type 1 atherosclerosis was 
defined by atherosclerotic lesions located within the 
suprainguinal elastic arteries, type 2 was defined by lesions 
within the infrainguinal muscular arteries, and type 3 was 
characterized by lesions within both the suprainguinal elas-
tic and infrainguinal muscular arteries. In type 3 athero-
sclerosis, the atherosclerosis of the infrainguinal muscular 
arteries was classified into 3 subtypes without considering 
the suprainguinal elastic arteries. Subtype A was defined by 
the atherosclerotic lesions located within the above-knee 
arteries, subtype B was defined by the lesions within the 
below-knee arteries, and subtype C was characterized by 
the lesions within both the above-knee and below-knee 
arteries (Figure 1). Smoking was calculated by the number 
of packs smoked per day multiplied by the years as 
a smoker. The days of alcohol consumption were calculated 
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by the following formula: (average number of days of 
alcohol consumption/1 month) × (12 months) × (number 
of years of alcohol consumption). For the evaluation of 
peripheral arterial circulation in the lower extremities, 
right and left ankle brachial indices (ABIs) and toe brachial 
indices (TBIs) were measured.

Hematologic Data
Blood tests were carried out as previously described.10 All 
diagnostic tests were performed according to the manufac-
turers’ instructions. Serum total cholesterol, high-density 
lipoprotein cholesterol (HDL), and low-density lipoprotein 
cholesterol (LDL) were measured using the appropriate 

enzyme kits (Cholesterol Gen.2, HDL-Cholesterol Gen.4, 
and LDL- Cholesterol Gen.3, respectively [Roche 
Diagnostics, Mannheim, Germany]) and the Roche/ 
Hitachi Cobas C 701 analyzer (Roche Diagnostics, 
Mannheim, Germany). Serum homocysteine was mea-
sured using an enzymatic assay (Homocysteine 
Enzymatic Assay, Roche Diagnostics, Mannheim, 
Germany) and the Roche/Hitachi Cobas C 501 analyzer 
(Roche Diagnostics, Mannheim, Germany). Protein C, 
protein S, antithrombin III, factor VIII, fibrinogen, and 
lupus anticoagulant levels were measured using 
a Sysmex CA-7000 System (Sysmex, Kobe, Japan). All 
reagents were purchased from Siemens Healthcare 

Figure 1 Three types of atherosclerosis and three subtypes of atherosclerosis. In computed tomography angiography, the dashed lines represent the inguinal ligaments 
between the right and left anterior superior iliac spines and pubic tubercle.
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Diagnostics Products GmbH (Marburg, Germany) and 
used according to the manufacturer’s instructions. Serum 
concentrations of IgG and IgM antibodies to β2 glycopro-
tein I were measured using Triturus (Grifols, Marina, 
Spain) with the REAADS IgG Anti-B2GPI test kit and 
the REAADS IgM Anti-B2GPI test kit (Corgenix, Inc., 
Colorado, USA), which are enzyme-linked immunosor-
bent assays (ELISA) for the semiquantitative determina-
tion of anti-β2 glycoprotein I antibodies in human serum. 
With serum samples, anticardiolipin antibody IgG and 
anticardiolipin antibody IgM were evaluated by ELISA 
using an autoimmune anticardiolipin (IgG/IgM) test kit 
(Bio-Rad Laboratories, Hercules, CA, USA). Results are 
expressed in IgG phospholipid (GPL) units for IgG antic-
ardiolipin antibodies and IgM phospholipid (MPL) units 
for IgM anticardiolipin antibodies, with 1 GPL or MPL 
unit equivalent to 1 mg/mL of an affinity-purified standard 
IgG or IgM anticardiolipin antibody sample, respectively.

Statistical Analysis
The nominal variables are summarized and presented as 
the number of patients per total number of patients and the 
percentage. The continuous variables are summarized and 
presented as mean ± standard deviation. The nominal 
variables, including sex, hypertension, and diabetes melli-
tus, were compared using the chi-square test. The contin-
uous variables, including age, body mass index (BMI), 
smoking, alcohol consumption, and the hematologic fac-
tors were compared using the nonparametric Mann– 
Whitney U-test, because not all the continuous variables 
revealed normal distribution by Kolmogorov–Smirnov 
test. Finally, the difference between type 1 and type 3 
atherosclerosis was analyzed via a multivariate analysis 
using binary logistic regression analysis with a forward 
stepwise method. For the analysis, the dependent variable 
was the type of atherosclerosis (type 1 was designated 
number 1, and type 3 was designated number 2). All 
nominal and continuous variables, including age, sex, 
hypertension, diabetes, BMI, smoking, alcohol consump-
tion, anti-β2 glycoprotein I antibody IgG, anti-β2 glyco-
protein I antibody IgM, anticardiolipin antibody IgG, 
anticardiolipin antibody IgM, lupus anticoagulant, protein 
C, protein S, fibrinogen, antithrombin III, factor 8, HbA1c, 
total cholesterol, HDL cholesterol, LDL cholesterol, tri-
glyceride and homocysteine, were included as independent 
variables. Right and left ABIs and TBIs were compared 
using the Mann–Whitney U-test as they did not reveal 
normal distribution. Significance was defined as P <0.05. 

Statistical analyses were performed using PASW Statistics 
18 release 18.0.0 (WinWrap Basic, Polar Engineering and 
Consulting, USA).

Results
Type and Subtype of Atherosclerosis
Of the 227 patients with atherosclerosis, there were 132 
(58%) type 1 and 95 (42%) type 3 cases. None was 
diagnosed with type 2 atherosclerosis (Table 1). Of the 
95 patients with type 3 atherosclerosis, there were 34 
(36%) subtype A, 7 (7%) subtype B, and 54 (57%) subtype 
C patients (Table 2).

Comparison of Nominal Variables
Male, hypertensive, and diabetic patients showed signifi-
cantly higher rates of type 3 atherosclerosis compared to 
type 1 (OR [95% CI]: 0.258 [0.148–0.451], 2.714 [1.571–-
4.688] and 2.269 [1.253–4.108], respectively) (Table 3).

Comparison of Continuous Variables
Patients with type 3 atherosclerosis were significantly 
older, smoked more cigarettes, had consumed alcohol 
longer, had higher levels of lupus anticoagulants, HbA1c, 
and homocysteine, and showed significantly lower levels 
of total, HDL and LDL cholesterols than those with type 1 
atherosclerosis (P: <0.001, <0.001, 0.004, 0.025, 0.001, 
<0.001, 0.005, 0.001 and 0.006, respectively) (Table 4).

Multivariate Analysis
Binary logistic regression analysis with forward stepwise 
method revealed that older age, smoking more cigarettes, 

Table 1 Three Types of Atherosclerosis in 227 Patients

Types of Atherosclerosis Number of Patients (%)

1 132 (58)

2 0 (0)
3 95 (42)

Table 2 Three Subtypes of Atherosclerosis in the Infrainguinal 
Arteries of the 95 Patients with Type 3 Atherosclerosis without 
Considering the Suprainguinal Arteries

Subtypes of Infrainguinal 
Atherosclerosis

Number of Patients 
(%)

A 34 (36)
B 7 (7)

C 54 (57)
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and higher blood levels of HbA1c and homocysteine were 
significant risk factors for type 3 atherosclerosis (OR [95% 
CI]:1.076 [1.039–1.114], 1.023 [1.008–1.038], 1.426 [1.-
002–2.031] and 1.130 [1.036–1.233], respectively) 
(Table 5).

Peripheral Blood Circulation in the Lower 
Extremities
Comparing ABIs and TBIs between patients with type 1 
and type 3 atherosclerosis, patients with type 3 athero-
sclerosis showed significantly lower right and left ABI 
and TBI scores than those with type 1 (P: 0.029, 0.023, 
0.003 and <0.001, respectively) (Table 6).

Discussion
In our study, there were many patients with isolated ather-
osclerosis at the suprainguinal elastic arteries (type 1 
atherosclerosis), but none of the patients displayed isolated 
atherosclerosis at the infrainguinal muscular arteries (type 
2 atherosclerosis). The atherosclerosis of the infrainguinal 
muscular arteries existed only as part of type 3 athero-
sclerosis. Meanwhile, in 95 patients with type 3 athero-
sclerosis, the percentage of below-knee atherosclerosis 
(subtype B) was only 7%, while that of above-knee ather-
osclerosis (subtype A) was 36%. This finding suggests that 
even within the infrainguinal muscular arteries of patients 
with type 3, atherosclerosis may occur more frequently at 
the proximal arteries, which contain a relatively higher 
level of elastin than the distal arteries.

Thus, we hypothesize that in arteries of the abdomen 
and lower extremities, atherosclerosis may occur initially 
at the suprainguinal arteries where there is higher elastin 
content, and then progresses to the infrainguinal arteries 
which have lower elastin content in certain physiological 
or pathological conditions. Meantime, contrary to our 

results, in a study of 286 patients with critical limb ische-
mia (CLI), there were 43 (15%) patients with isolated 
infrapopliteal diseases.11 However, regarding the suprapo-
pliteal arteries of the aforementioned 43 patients, there 
was no clear description about the presence or absence 
of small atherosclerotic plaques or calcifications unrelated 
to hemodynamic abnormalities. There have been other 
studies reporting isolated tibial disease in 36% of CLI 
patients, and isolated popliteal and infrapopliteal disease 
in 49.5% of diabetic foot ulcer patients.12,13 However, 
these studies examined iliac or extremity arteries only, 
omitting the abdominal aorta from their investigations. In 
our study, we investigated both the suprainguinal elastic 
and infrainguinal muscular arteries simultaneously and 
diagnosis of atherosclerosis was confirmed by the presence 
of any atherosclerotic plaques or calcifications on the 
arteries, no matter how small the lesions were and regard-
less of the hemodynamic status of the arteries. We there-
fore believe that our study presents a novel finding, as it is 
a clinical and anatomic study about the distribution pattern 
of atherosclerosis between the elastic and muscular 
arteries in the abdomen and lower extremities, regardless 
of the size of the atherosclerotic lesions and the hemody-
namic status.

It is known that VSMCs can switch between 
a contractile and synthetic phenotype in response to phy-
siological and pathological stimuli and that the transition 
of the arterial SMC phenotype from a contractile to 
a synthetic state is a mechanism in the pathogenesis of 
atherosclerosis.14,15 In this study, aging, heavier smoking, 
and higher blood levels of HbA1c and homocysteine were 
significant risk factors for type 3 atherosclerosis in which 
both the suprainguinal elastic and infrainguinal muscular 
arteries were involved. Thus, we speculate that these risk 
factors may be associated with the development of athero-
sclerosis at the infrainguinal muscular arteries via the 

Table 3 Comparison of Nominal Variables Between Type 1 and 3 Atherosclerosis Patients

Variables Category Type 1 n. of pts/Total pts Type 3 n. of pts/Total pts OR (95% CI) P*

Sex male 38/96 (39.6%) 58/96 (60.4%) 0.258 (0.148–0.451) <0.001
female 94/131 (71.8%) 37/131 (28.2%)

Hypertension No 78/111 (70.3%) 33/111 (29.7%) 2.714 (1.571–4.688) <0.001
Yes 54/116 (46.6%) 62/116 (53.4%)

Diabetes mellitus No 105/165 (63.6%) 60/165 (36.4%) 2.269 (1.253–4.108) 0.006

Yes 27/62 (43.5%) 35/62 (56.5%)

Note: *Chi-square test. 
Abbreviations: OR, odds ratio; CI, confidence interval; n., number; pts, patients.
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Table 4 Comparison of Continuous Variables Between Type 1 and 3 Atherosclerosis Patients

Variables Type of Atherosclerosis Number of Patients Mean±SD p-value*

Age (years) 1 132 64.31±9.50 <0.001
3 95 71.44±9.16

Body mass index 1 132 25.37±3.64 0.318
3 95 24.91±3.91

Smoking.pack.years 1 132 8.32±19.12 <0.001
3 95 27.06±34.97

Days of alcohol consumption 1 132 2220.36±4390.68 0.004
3 94 5021.23±6826.21

Anti-β2 glycoprotein I antibody IgG 1 132 3.05±6.32 0.844
3 95 2.47±2.69

Anti-β2 glycoprotein I antibody IgM 1 132 7.01±7.79 0.709
3 95 7.68±8.59

Anticardiolipin antibody IgG 1 132 7.43±8.42 0.761
3 95 8.00±9.79

Anticardiolipin antibody IgM 1 132 4.36±5.64 0.267
3 95 4.10±6.09

Lupus anticoagulant 1 132 0.87±0.10 0.025
3 95 0.92±0.15

Protein C 1 132 111.17±22.37 0.579
3 95 109.17±21.62

Protein S 1 132 75.93±20.52 0.523
3 95 75.04±20.25

Fibrinogen 1 131 278.85±83.15 0.063
3 95 307.37±115.18

Antithrombin III 1 132 92.10±13.02 0.843
3 95 91.54±15.95

Factor 8 1 132 120.62±24.75 0.070
3 95 124.42±27.60

HbA1c 1 132 5.80±0.91 0.001
3 95 6.23±1.07

Total cholesterol 1 132 180.77±40.38 0.005
3 95 168.05±41.45

HDL 1 132 51.86±12.67 0.001
3 95 46.74±15.12

LDL 1 132 103.06±37.24 0.006
3 95 89.99±31.15

Triglyceride 1 132 149.68±108.48 0.498
3 95 171.94±156.32

Homocysteine 1 132 9.66±3.057 <0.001
3 95 14.14±10.18

Note: *Mann Whitney U-test. 
Abbreviation: SD, standard deviation.
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phenotypic switch of arterial SMCs from a contractile to 
a synthetic state.

It has been reported that senescent human SMCs are not 
bystanders in atherosclerotic plaque progression but are 
involved through a proinflammatory senescence- 
associated secretion of multiple cytokines and 
chemokines.16 Since aging causes the phenotype of 
VSMCs to switch from contractile to synthetic type,17 it 
may further enhance the development of atherosclerosis in 
the infrainguinal muscular arteries as well as in the suprain-
guinal elastic arteries. It is known that of the 4800 chemical 
compounds in cigarettes, nicotine is the major 
constituent.3,18 In one study, nicotine-induced autophagy 
promoted the phenotypic switching of VSMCs in mice to 
the synthetic type, accelerating the development of 
atherosclerosis.19 Therefore, it is plausible to assume that 
smoking significantly enhances the development of athero-
sclerosis in the infrainguinal muscular arteries.

In a study with cultured aortic VSMCs from streptozo-
tocin-induced diabetic rats and nondiabetic control rats, 
VSMCs from the diabetic rats showed a higher ratio of 

the synthetic phenotype than those from nondiabetic rats.20 

Thus, diabetes mellitus and subsequently high levels of 
HbA1c may also be significant factors that enhance the 
development of atherosclerosis in the infrainguinal mus-
cular arteries. Meanwhile, there is controversy on the role 
of homocysteine in the development of atherosclerosis. In 
a meta-analysis study with diabetic patients, there was no 
causal association between plasma homocysteine levels 
and coronary artery disease.21 However, it has been 
reported that homocysteine causes oxidative stress, 
endothelial dysfunction, vascular remodeling, and athero-
sclerosis by inducing the phenotypic switch of VSMCs 
from a contractile to a synthetic phenotype.7,22,23 

Although the relevance between homocysteine and the 
development of atherosclerosis is not clear, the present 
study suggests that the high level of homocysteine in the 
blood may be associated with atherosclerosis in the infra-
inguinal muscular arteries. To elucidate more precise 
information on the relationship between homocysteine 
and atherogenesis, further study is needed.

From the findings of our study, we hypothesize that 
aging, heavier smoking, and higher blood levels of HbA1c 
and homocysteine may be the significant risk factors for 
the development of atherosclerosis in the infrainguinal 
muscular arteries. In addition, although the ABI and TBI 
scores were within the clinically normal range, patients 
with type 3 atherosclerosis compared to those with type 1 
exhibited significantly lower ABI and TBI scores in both 
the right and left legs. This result implies that in advanced 
cases of the disease, the peripheral arterial circulation of 
type 3 patients may be more jeopardized than that of type 
1 patients. Thus, to prevent the peripheral arterial ischemic 
diseases of the lower extremities, cessation of smoking, 
and control of blood glucose and homocysteine levels may 
be required, especially in elderly patients.

This study is limited due to the relatively small number 
of patients and its retrospective design. Thus, further stu-
dies with an increased number of patients and 

Table 5 Multivariate Analysis Between Type 1 and 3 Atherosclerosis Patients and Risk Factors for Type 3 Atherosclerosis

Variables B SE OR (95% CI) P

Age 0.073 0.018 1.076 (1.039–1.114) <0.001
smoking·pack·year 0.023 0.008 1.023 (1.008–1.038) 0.003

HbA1c 0.355 0.180 1.426 (1.002–2.031) 0.049

Homocysteine 0.122 0.045 1.130 (1.036–1.233) 0.006
Constant −9.126 1.677 0.000 <0.001

Note: Data were obtained from binary logistic regression analysis (forward stepwise method). 
Abbreviations: B, coefficient; SE, standard error; OR, estimated odds ratio; CI, confidence interval.

Table 6 Comparison of ABI and TBI Scores Between Type 1 and 
3 Atherosclerosis Patients

Variables Type of 
Atherosclerosis

Number of 
Patients

Mean 
±SD

p-value*

Right ABI 1 132 1.13±0.10 0.029

3 91 1.05±0.25

Left ABI 1 132 1.12±0.12 0.023

3 92 1.04±0.24

Right TBI 1 131 0.77±0.14 0.003

3 91 0.67±0.26

Left TBI 1 131 0.78±0.15 <0.001

3 92 0.66±0.25

Note: *Mann Whitney U-test. 
Abbreviations: ABI, ankle brachial index (ankle blood pressure/brachial blood 
pressure); TBI, toe brachial index (toe blood pressure/brachial blood pressure); 
SD, standard deviation.
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experimental research regarding the role of elastin and 
VSMC in the pathogenesis of atherosclerosis will help 
elucidate a more precise mechanism of the development 
and progression of atherosclerosis in elastic and muscular 
arteries.

Conclusion
Our results indicate that in arteries of the abdomen and 
lower extremities, atherosclerosis may occur initially at the 
suprainguinal elastic arteries and the significant risk factors 
for type 3 atherosclerosis, including aging, heavier smoking, 
and high blood levels of HbA1c and homocysteine, may 
contribute to the development of atherosclerosis at infrain-
guinal muscular arteries, deteriorating the peripheral arterial 
circulation. Therefore, if atherosclerotic lesions are found at 
the suprainguinal elastic arteries on CTA, to prevent athero-
sclerosis at infrainguinal muscular arteries and subsequent 
peripheral arterial ischemic disease, cessation of smoking 
and control of blood glucose and homocysteine may be 
recommended, especially in elderly patients.
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