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The relationships between various diseases and the human gut microbiota (GM) have been revealed. However, 
the relationships between the human abdominal aortic aneurysm (AAA) and GM remains unknown. The aim of 
this cross-sectional study was to clarify the association between the human AAA and GM. Stool samples from 30 
consecutive patients with AAA before aneurysm repair and those of 30 controls without vascular diseases were 
analyzed by 16S rRNA gene (V3–4) sequencing using an Illumina MiSeq system and QIIME 2. There was no 
significant difference in age (75 vs. 75 years) or gender (80% vs. 87% males) between the groups. No significant 
difference in GM composition was observed in principal coordinate analysis between the two groups, whereas the 
AAA group showed a significantly lower abundance of Bifidobacterium adolescentis (p<0.01) at the species level 
than the controls. This study demonstrated that the abundance of B. adolescentis decreased in patients with AAA. 
This is the first study to show the characteristics of the GM in patients with AAA. Studies are needed to reveal if 
causal relationships exists between the human AAA and GM.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is a fatal disease in which 
the abdominal aorta gradually and asymptomatically expands 
and eventually ruptures. The cause is unknown, and surgery 
has been the only effective treatment to date. Smoking, male 
gender, older age, family history of aneurysms, hypertension, 
and mural thrombosis are associated with aneurysm enlargement. 
AAA is less prevalent in Hispanic and Asian populations. 
Diabetes, antibiotic use, and β-blockers are considered to inhibit 
aneurysm expansion. However, the mechanism by which each of 
these factors is involved in aneurysm enlargement is unknown 
[1, 2]. Randomized controlled trials to ascertain the prevention 
of aneurysm expansion and rupture using antibiotics, such 
as doxycycline and roxithromycin, and other drugs, such as 
propranolol and metformin, have been conducted, but there is 

currently no effective drug treatment for AAA [3, 4]. Research 
on the pathophysiology of AAA and drug therapy for it has not 
progressed because there are no animal models that can replicate 
arteriosclerosis in humans. The AAA animal models reported to 
date are known to be pathologically and morphologically different 
from human models of AAA [5]. Therefore, it is necessary to 
elucidate the pathophysiology of AAA and develop a targeted 
drug treatment that uses an approach that is different from those 
used in conventional research.

In total, hundreds of species and 40 trillion microorganisms 
exist in the gut microbiota (GM) of the human intestinal tract, 
and they exert various effects on the host directly and indirectly 
through their metabolites [6–9]. Since the bacterial 16S ribosomal 
ribonucleic acid (rRNA) gene analysis method was developed in 
the 2000s, the relationship between the GM and various diseases 
has been revealed [10]. Although associations between the GM 
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and cardiovascular diseases, such as hypertension, heart failure, 
arteriosclerosis, and coronary artery disease, have been reported, 
nothing is known about associations between the human AAA 
and GM [11]. Because there are many differences between animal 
AAA models and humans with AAA, the pathophysiology of 
AAA remains unclear. Therefore, surgery remains the only 
treatment option for AAA, as drug treatments are not available 
[12, 13]. To verify the relationships between the human AAA and 
GM, we analyzed the fecal GM of patients with AAA based on 
16S rRNA genes.

MATERIALS AND METHODS

Patients and controls
Fecal samples were prospectively collected from patients with 

AAA when they were admitted for surgery at the Jikei University 
Kashiwa Hospital between May 2019 and May 2020. For the 
control group, fecal samples were obtained from patients who 
were 65 years of age or older and did not have an aortic aneurysm 
or peripheral vascular disease. The controls were examined by 
blood test, electrocardiogram, ankle-brachial pressure index 
test, and chest-abdominal CT scan to rule out vascular diseases, 
such as aortic diseases and peripheral artery disease. All samples 
were collected under their regular diets. Interviews, physical 
examinations, plain chest and abdominal computed tomography, 
and an ankle-brachial pressure index test were performed to 
exclude aneurysms and peripheral arterial diseases. Patients 
who had received antibiotics within 3 months of the study were 
excluded.

Sample preparation and microbiota analysis
The collected fecal samples were stored at −80°C. RNA was 

extracted from their fecal samples, purified using an RNeasy Mini 
Kit (Qiagen N.V., Venlo, the Netherlands) and was synthesized 
using a QuantiTect Reverse Transcription Kit (Qiagen N.V.) 
according to the manufacturer’s instructions, followed by 16S 
rRNA gene sequencing. PCR amplification and DNA sequencing 
of the V3–V4 region of the bacterial 16S rRNA gene was 
performed using an Illumina MiSeq instrument (Illumina, San 
Diego, CA, USA), as previously described [14]. After removing 
the sequences consistent with the data from Genome Reference 
Consortium human build 38 (GRCh38) and the phiX reads from 
the raw Illumina paired-end reads, the sequences were analyzed 
using the QIIME 2 software package (version 2017.10). Potential 
chimeric sequences were removed using DADA2, and 30 and 
90 bases were trimmed from the 30 regions of the forward and 
reverse reads, respectively [15]. UniFrac distances between 
subjects and four alpha diversity scores (phylogenetic diversity 
whole tree, Chao1, number of observed species, and Shannon 
index) were estimated using QIIME 2, as previously described 
[16].

Statistical analysis
Statistical analyses were performed using EZR ver. 1.50 

(Kanda, 2013) or R ver. 3.6.0. Continuous and discontinuous 
results are expressed as the mean ± standard deviation and median 
(interquartile range), respectively, unless otherwise stated. A 
p-value less than 0.05 was considered significant. To assess clinical 
characteristics among patients with different etiologies, the χ2 test 
was used to compare the frequency of categorical variables, and 

the unpaired t-test was used to compare continuous variables. 
Differences in GM profiles between the groups were analyzed 
by principal coordinate analysis (PCoA) complemented by a 
permutational multivariate analysis of variance (PERMANOVA) 
test for UniFrac distances. After filtering the taxa with a median 
of 0.5% or more in each group as common taxa in this study, 
the intergroup differences of the common genera/species in the 
GM were analyzed by Mann–Whitney U test with the Benjamini–
Hochberg procedure for multiple testing to control the false 
discovery rate [17].

Ethical considerations
The study protocol conformed to the ethical principles of the 

World Medical Association Declaration of Helsinki, was approved 
by the Jikei University Institutional Review Board (study number, 
30-082(9103)), and was registered in the University Hospital 
Medical Information Network (UMIN) Clinical Trials Registry 
(UMIN000038284). All study participants provided written 
informed consent for the use of their samples in the study.

RESULTS

Patient characteristics
Thirty cases were included in both the AAA and control 

groups. No difference was observed in gender or age (Table 1). 
The mean aneurysm diameter in the AAA group was 52 mm. 
Univariate analyses indicated significant differences between the 
two groups in body mass index (p=0.030) and chronic kidney 
disease (p=0.012).

Microbiota comparisons between fecal samples of the AAA and 
control groups

The mean relative abundances of bacteria in fecal samples 
from patients with AAA revealed the dominance of five 
phyla (Fig. 1), Firmicutes (50.9%), Bacteroidetes (40.4%), 
Proteobacteria (3.8%), Fusobacteria (2.6%), and Actinobacteria 
(1.7%; Fig. 1a), but there was no difference from the controls. 
Meanwhile, the genus with the highest mean abundance 
in the AAA group was Bacteroides (27.1%), followed by 
Faecalibacterium (8.2%), Prevotella (6.2%), and Ruminococcus 
(5.2%; Fig. 1b).

Two-dimensional PCoA plots of UniFrac distances, based on 
the relative abundances of amplicon sequence variants, revealed 
no significant difference between the groups in both unweighted 
(p=0.829 by PERMANOVA, Fig. 2a) and weighted (p=0.402 by 
PERMANOVA, Fig. 2b) models. The volcano plot based on the 
common taxa profile at the genus level showed that bifidobacteria 
(p=0.011, q=0.209) were abundant in the control group compared 
with the AAA group (Fig. 3a). Among the Bifidobacterium 
species, Bifidobacterium adolescentis (p=0.001, q=0.023) was 
significantly more abundant in the control group than in the AAA 
group (Fig. 3b). Alpha and beta diversity were not significantly 
different between the two groups.

DISCUSSION

Concerning the relationship between the GM and AAA, 
we hypothesize that trimethylamine N-oxide (TMAO) and 
lipopolysaccharide (LPS) produced by the GM exacerbate 
AAA. TMAO and LPS promote atherosclerosis and various 
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Table 1. Comparing the characteristics of patients with abdominal aortic aneurysm (AAA) with those of controls

Control Abdominal aortic aneurysm
p-value

Mean (standard deviation) or Number (%)
Number 30 30
Age (years) 75 (4.7) 75 (7.0) 0.865b

Male 26 (87%) 24 (80%) 0.488a

Body mass index 23 (2.1) 24 (3.6) 0.030b

Current smoker 4 (14%) 8 (27%) 0.219a

Diabetes 4 (13%) 4 (13%) 1.000a

Hypertension 18 (60%) 22 (73%) 0.273a

Dyslipidemia 23 (77%) 28 (93%) 0.071a

Coronary artery disease 4 (13%) 7 (23%) 0.317a

Chronic kidney disease 5 (17%) 14 (47%) 0.012a

Medication
Calcium channel blocker 14 (47%) 18 (60%) 0.301a

Anti-platelet therapy 5 (17%) 5 (17%) 1.000a

Gastro-restraint 4 (13%) 9 (30%) 0.117a

Steroid 1 (3%) 2 (7%) 0.554a

Statin 8 (27%) 15 (50%) 0.063a

Beta blocker 5 (17%) 9 (30%) 0.222a

Metformin 2 (7%) 1 (3%) 0.554a

Serological test
Total cholesterol (mg/dL) 202 (31.0) 197 (37.3) 0.536b

HDL (mg/dL) 63 (16.8) 54 (22.3) 0.115b

LDL (mg/dL) 112 (29.8) 114 (32.7) 0.773b

Triglyceride (mg/dL) 163 (136.0) 164 (72.9) 0.982b

CRP (mg/dL) 0.16 (0.299) 0.35 (0.467) 0.075b

eGFR (mL/min/1.73 m2) 71 (13.1) 58 (20.0) 0.001b

Aneurysm diameter (mm) 52 (40–117)

HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; CRP: C-reactive protein; eGFR: 
estimated glomerular filtration rate.
aχ2 test, bunpaired t-test.

Fig. 1. Relative abundances of bacteria at the (a) phylum and (b) genus levels in fecal samples from patients with AAA and controls.
Although five kinds of phyla were dominant at the phylum level (a), the most abundant genus found in both groups was Bacteroides (b). AAA: abdominal 
aortic aneurysm.
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cardiovascular diseases [18]. Atherosclerosis is a major risk 
factor for AAA, and some recent papers reported that TMAO and 
LPS are involved in the development of AAA in mice. Hu et al. 
revealed that TMAO induces smooth muscle cell calcification 
and vascular senescence and promotes AAA formation in mice 
models [19]. Furthermore, when apolipoprotein E-deficient mice 
were fed a high-choline diet, the blood TMAO level increased 
and arteriosclerosis worsened [20]. Xie et al. reported that the 
abundance of Akkermansia decreased and that the abundances 
of Odoribacter, Helicobacter, and Ruminococcus increased in a 
fecal sample of apolipoprotein E-deficient model mice with AAA 
[11]. However, there have been few studies on the GM of humans 
with AAA.

In the present study, we found that B. adolescentis was 
significantly less abundant in the AAA group. Bifidobacteria 
are major commensal bacteria that are naturally found in 
the human intestinal tract and are known to have intestinal 
regulation properties and protective effects against metabolic 

syndrome [21, 22]. Approximately ten species, including 
Bifidobacterium bifidum, Bifidobacterium breve, Bifidobacterium 
longum, B. adolescentis, Bifidobacterium pseudocatenulatum, 
and Bifidobacterium catenulatum, inhabit the human intestine. 
B. adolescentis has been reported to strengthen the intestinal 
barrier, regulate lipid metabolism, regulate immunity and 
anti-inflammatory action, and regulate other intestinal bacteria 
[23–27]. B. adolescentis has also been reported to be associated 
with interleukin 6 receptor susceptibility; however, it is not 
known how this affects the host [27]. Furthermore, studies have 
attempted to ascertain the utility of B. adolescentis as a supplement 
for the treatment of metabolic syndrome and fractures [24, 25]. 
Metformin has been discussed as a target for AAA drug therapy, 
but it has been reported that metformin increases the abundance 
of B. adolescentis and improves glucose tolerance [28]. Wang et 
al. reported that bifidobacteria reduced plasma TMAO and plasma 
and cecal trimethylamine concentrations in mice [29]. Therefore, 
we considered the possibility that bifidobacteria directly exert 

Fig. 2. Unweighted (a) and weighted (b) UniFrac principal coordinate analysis (PCoA) of microbiota in the fecal samples of patients with AAA and 
the controls.
Unweighted and weighted distances are calculated based on the presence or absence and relative abundance of observed bacterial taxa, respectively. 
Closely spaced plots in the PCoA figure indicate more similar microbiota compositions. AAA: abdominal aortic aneurysm; PC: principal coordinates.

Fig. 3. Differential abundance of genera (a) and species (b) between the two groups.
Volcano plot of the estimated log2 fold change in taxon abundance between the AAA group and control group. The data of taxa with 
medians of 0.5% or more in each group were used for the analysis. p-value, Mann–Whitney U test; q-value, Benjamini–Hochberg 
adjusted p-value. AAA: abdominal aortic aneurysm.
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anti-inflammatory action or suppress AAA by affecting other 
bacteria. This is the first study to compare the GM of patients with 
AAA with that of non-AAA controls. Further research is needed 
to determine the function of these bacteria in the pathogenesis of 
AAA.

Our study had some limitations. There were differences in 
the backgrounds of the patients, and renal failure was associated 
with the GM and may have been a confounding factor. It has 
been reported that renal dysfunction progresses when an aortic 
aneurysm expands; however, the mechanism is unknown [30]. 
Since AAA is an advanced state of arteriosclerosis, it may cause 
impaired blood flow to the kidneys. Although renal dysfunction 
is associated with AAA, it is not known if it is confounded by the 
GM. In addition, it is not possible to compare the enlargement 
rate and diameter of AAAs with those of other aneurysms. In 
the future, it will be necessary to accumulate cases and conduct 
additional studies. Further, it is known that the GM is associated 
with racial differences. Since this study only included Japanese 
people, caution is required in the interpretation of its findings [31]. 
It is also known that bacterial action differs at the strain level. In 
this study, detailed bacterial species identification and strain level 
analyses could not be performed. In the future, metagenomic and 
metabolomic analyses will be required.

In this study, the relative abundance of B. adolescentis was 
found to be low in stool samples from patients with AAA. Since 
B. adolescentis is involved in the regulation of lipid metabolism 
and in immunomodulation and anti-inflammatory responses it has 
been suggested that these processes may be related to the etiology 
of AAA. Further research is needed to understand the relationship 
between the human AAA and GM.
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