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Abstract

Background

Vitamins D, E, A, B, C, and Omega-3 play crucial roles in modulating inflammatory and oxi-

dative stress pathways, both implicated in abdominal aortic aneurysm (AAA) development.

Recent research has explored the potential impact of dietary supplements on AAA progres-

sion. The systematic review aims to assess interventional studies investigating the effects

of various dietary supplements on the development and severity of abdominal aortic

aneurysms.

Method

A systematic search using relevant keywords related to abdominal aortic aneurysm and die-

tary supplements was conducted across four databases (PubMed, Embase, Scopus, and

Web of Science). Quality assessment for animal studies employed SYRCLE and the

Cochrane Collaboration Risk of Bias Tool for randomized control trials. The study protocol is

registered in PROSPERO under the registry code CRD42023455958.

Results

Supplementation with Omega-3, Vitamins A, C, D, E, and the Vitamin B family exhibited

positive effects in AAA progression. These supplements contributed to a reduction in AAA

diameter, elastin degradation, inflammatory responses, and reactive oxygen species. Addi-

tional supplements such as Zinc, methionine, and phytoestrogen also played roles in miti-

gating AAA progression.

Conclusion

The findings of this study underscore the potential role of dietary supplements in the pro-

gression of AAA. Predominantly based on animal studies, the results indicate that these
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supplements can limit AAA progression, primarily evidenced by their ability to mitigate

inflammatory processes and oxidative stress pathways.

1. Introduction

The primary goal in the management of abdominal aortic aneurysm (AAA) is to prevent rup-

ture, which is reported to have a mortality rate as high as 90 percent. The most critical determi-

nant of rupture risk is the diameter of the aortic aneurysm [1], which is currently the primary

criterion for intervention [2]. Large aneurysms (higher than 55 mm), are usually candidates

for surgical/endovascular treatment, while smaller aneurysms are treated conservatively with a

predefined imaging follow-up program [3]. Various non-invasive methods have been intro-

duced to prevent aneurysm growth, but with controversial results [3].

The underlying pathogenesis of AAA involves aortic wall degeneration and aneurysmal for-

mation, primarily encompassing chronic inflammation and oxidative stress [3]. These patho-

physiological processes contribute to the activation of proteolytic and apoptotic signaling

pathways, thereby initiating a gradual degradation of the extracellular matrix and cellular con-

stituents that comprise the arterial wall [4]. Recently, several studies have suggested a potential

correlation between serum levels of omega-3 fatty acids and vitamin D and the severity and

prognosis of aneurysms [5–7]. Reduced oxidative stress and modulation of inflammatory pro-

cess are proposed as potential mechanism of these supplements to prevent aneurysm progres-

sion. However, it is essential to note that the results of these studies remain highly

contradictory, with some failing to observe any effect of dietary supplements on the progres-

sion of AAA [8–11].

Given that the management of most patients with aortic aneurysms involves surveillance,

questions about the potential impact of dietary supplements on the progression of AAA have

surged in recent years [12]. In this systematic review, our aim is to scrutinize all interventional

studies, encompassing both pre-clinical and clinical studies, that have delved into the effects of

various dietary supplements on the progression and severity of abdominal aortic aneurysms.

2. Methods

This systematic review has been conducted following the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) guidelines [13]. The study protocol has also

been registered in PROSPERO and is available at the following link: https://www.crd.york.ac.

uk/prospero/display_record.php?ID=CRD42023455958.

2.1. Eligibility criteria

In this study, we included original human studies, comprising randomized controlled trials

(RCTs) and prospective cohort studies, as well as animal model studies that have investigating

the impact of dietary supplements on the development and progression of AAA. These supple-

ments include the calciferol (vitamin D) family, vitamin A and retinoic acids, omega-3 and

fish oil, the tocopherol (vitamin E) family, vitamin B family, vitamin C, and any other relevant

supplements. We excluded studies that investigated other types of aneurysmal diseases, obser-

vational studies, as well as review studies, conference abstracts, and non-English studies.

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 2 / 19

Abbreviations: AAA, Abdominal aorta aneurysm;

RCT, Randomized controlled clinical trial; PPE,

Porcine pancreatic elastase; TGF-β, Transforming

growth factor-β; n-3 PUFA, Omega-3

polyunsaturated fatty acids; MMP, Matrix

metalloproteinase; TIMP-1, Tissue inhibitor of

metalloproteinase 1; EPA, Eicosapentaenoic acid;

DHA, Docosahexaenoic acid; Tnfsf11, Tumor

necrosis factor ligand superfamily member 11;

RvD1/2, Resolvin D1/D2; NETosis, A program for

formation of neutrophil extracellular traps; FPR2,

Formyl peptide receptor 2; GPCRs, G-protein-

coupled receptors; PC, Phosphatidylcholine; PWV,

Pulse wave velocity; TNF-α, Tumor necrosis factor

alpha; IL, Interleukin; Ang-II, Angiotensin-II; CCL,

C–C motif chemokine ligand; CXCL, C-X-C motif

chemokine ligand; VEGF, Vascular endothelial

growth factor; MAPK, Mitogen-activated protein

kinase; NF-κB, Nuclear factor-κB; BiD, BH3

Interacting Domain Death Agonist; t-BiD, truncated

p15 BID; Nrf2, The nuclear factor erythroid

2–related factor; IFN-γ, Interferon gamma; CNN1,

Calponin 1; MYH11, Myosin heavy chain 11;

SMTN, Smoothelin; CALD1, Caldesmon1; TAGLN,

Transgelin; ACTA2, α-SMA; α-SMA, alpha-smooth

muscle actin; ATRA, All-trans-retinoic acid; MCP,

Monocyte chemotactic protein; ROS, Reactive

oxygen species; 8-OHdG, 8-Hydroxy-2’-

deoxyguanosine; eNOS, endothelial nitric oxide

synthase; H4B, Tetrahydrobiopterin; LC3, Light

chain 3; CAG, Cycloastragenol; LOX, Lysyl oxidase;

HO-1, Heme oxygenase 1; RANTES, Regulated

upon Activation, Normal T Cell Expressed and

Presumably Secreted; SCFA, Short-chain fatty

acids; mTOR, Mammalian target of rapamycin;

HDL, High density lipoprotein; LDL, Low density

lipoprotein; CRP, C- reactive protein; SOST,

Sclerostin.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023455958
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023455958
https://doi.org/10.1371/journal.pone.0305265


2.2. Search strategy

A systematic search was conducted employing all pertinent keywords related to abdominal

aortic aneurysm, dietary supplements, vitamin D family, vitamin A family, vitamin B family,

omega-3, fish oil, vitamin C, and vitamin E, across the PubMed, Embase, Scopus, and Web of

Science databases up until August 10th, 2023. This search encompassed studies published in

the English language, and there were no restrictions regarding publication dates. Detailed

search strategies can be found in S1 Table.

2.3. Selection process

Two independent reviewers, ZA and AKH, initially screened the records by title and abstract

using EndNote version 20 software. Subsequently, the studies underwent a full-text screening

and were included in the systematic review. In the cases of disagreement between the two

authors, a third author (AB) expertly intervened to resolve discrepancies and made the final

decision. Fig 1 shows an overview of the entire selection process.

Fig 1. PRISMA flowchart of study selection and screening.

https://doi.org/10.1371/journal.pone.0305265.g001

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 3 / 19

https://doi.org/10.1371/journal.pone.0305265.g001
https://doi.org/10.1371/journal.pone.0305265


2.4. Data extraction

Two reviewers independently evaluated the quality of the publications and extracted pertinent

information from the included studies. The extracted data encompassed details such as the

first author’s name, publication year, country, characteristics and number of study subjects,

study design, investigated supplements, their route of administration, and outcomes. These

outcomes included changes in AAA incidence, rupture, diameter, and various pathophysiolog-

ical changes such as inflammatory processes, oxidative stress, and extracellular matrix

changes.

2.5. Risk of bias and study quality assessment

The quality of the animal studies was assessed using the SYstematic Review Centre for Labora-

tory animal Experimentation (SYRCLE) [14] and the Cochrane Collaboration Risk of Bias

Tool for randomized control trials [15]. Two independent reviewers (ZA and AKH) conducted

a comprehensive evaluation of the quality for each included study. Disagreements were

resolved by a third reviewer (AB).

3. Results

3.1. Baseline characteristic of the included studies

This systematic review encompasses 37 peer-reviewed studies, comprising 34 animal model

investigations, 2 randomized control trials, and 1 in vitro study on human tissues. Concerning

animal models of AAA, the predominant model employed was Angiotensin II-induced AAA

in mice, utilized in 18 studies followed by Elastase-induced (6 studies) [7, 16, 17], CaCl2-in-

duced (5 studies), porcine pancreatic elastase (PPE)-induced (3 studies), hypoperfusion-

induced (2 studies), nicotine-induced (1 study), and anti- Transforming growth factor-β
(TGF-β)-induced (1 study). The two randomized control trials collectively encompassed a par-

ticipant pool of 29,148 individuals. The most frequently explored supplements in the included

studies were omega-3 fatty acids and their derivatives (13 studies), the vitamin B family (4

studies), the vitamin D family (3 studies), the vitamin A family (3 studies), methionine (3 stud-

ies), vitamin E (3 studies), and vitamin C (2 studies).

Regarding the risk assessment of in vivo studies, the SYRCLE scores ranged from 3 to 9,

with an average score of 5.38. As for the risk assessment of the two randomized control trials

using the Cochrane Collaboration Risk of Bias tool, one demonstrated low risk across all

domains of bias, while the other exhibited some issues related to missing outcome data bias

and was low risk for other domains. A detailed risk of bias assessment is provided in Fig 2.

3.2. Omega-3 supplement

Thirteen studies [7, 8, 16–26] assessing the effect of omega-3 or its derivatives on AAA were

included in this systematic review. These comprised one randomized control trial [18], one in

vitro study using macrophage cells derived from patients with AAA [21], and eleven in vivo

studies conducted on animal models of AAA [7, 8, 16, 17, 19, 20, 22–26].

3.2.1. Animal studies. Dietary supplementation with n-3 PUFA resulted in a non-signifi-

cant decrease in death due to abdominal aortic rupture, dissection, and elastin degradation

[7, 16, 17]. This supplementation also led to a substantial decrease in MMP-9 immunoreactiv-

ity, neutrophil and macrophage infiltration, and superoxide production within the abdominal

aorta walls, along with an increase in the expression of TGFβ-1 and tissue inhibitor of metallo-

proteinase 1 (TIMP-1) [7, 17].

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 4 / 19

https://doi.org/10.1371/journal.pone.0305265


Fig 2. A) SYRCLE risk of bias assessment for in vivo studies, B) Cochrane Collaboration Risk Of Bias tool for

randomized control trials.

https://doi.org/10.1371/journal.pone.0305265.g002
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The administration of Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

resulted in a decrease in AAA formation and aortic diameter. Other protective effects of EPA

and DHA against AAA progression include reducing macrophage infiltration and the expres-

sion of inflammatory mediators such as chemoattractant protein-1, tumor necrosis factor-α,

transforming growth factor-β, MMP-2, MMP-9, calcification factor Tnfsf11, and vascular cell

adhesion molecule-1 in the aorta. Moreover, there was an observed shift in macrophage polari-

zation towards an anti-inflammatory phenotype following the administration of EPA and

DHA [20, 22].

Injection of RvD1 and RvD2 reduced aneurysmal diameter, elastin degradation, and mac-

rophage infiltration. This treatment also decreased inflammatory cytokines, MMP-2 and

MMP-9 activity, and NETosis biomarkers (including citrullinated histone H3 and neutrophil

elastase levels). RvD2 injection increased anti-inflammatory cytokine levels and altered macro-

phage polarization towards an anti-inflammatory phenotype. RvD1 exhibited a capacity to

mitigate AAA progression by reducing formyl peptide receptor 2 (FPR2), a member of the G-

protein-coupled receptors (GPCRs) superfamily that plays crucial roles in the inflammatory

process by interacting with various peptides and ligands [19, 23, 24].

Considering that EPA is primarily incorporated into phosphatidylcholine (PC) in the cell

membrane, Fujishima et al. analyzed the distribution of EPA-containing PC in the AAA wall

and its correlation with cellular and pathological changes in the AAA walls of fish oil-supple-

mented rats. Their findings revealed the accumulation of EPA-containing PC in a region of

the aortic wall tissue associated with an increase in anti-inflammatory macrophages (M2) and

a decrease in MMP-2 and malondialdehyde, both of which are oxidative stress markers [25].

Supplementation with fish oil, a rich source of EPA and DHA, significantly reduced aortic

dilation diameter, aneurysmal rupture, and decreased levels of MMP-2, MMP-9, MMP-12,

and mouse anti-malondialdehyde [8, 26].

3.2.2. Human studies. A single study involving human subjects, which was a randomized

controlled trial, has been included in this systematic review [18]. In a randomized double-

blind controlled trial conducted by Meital et al. [18], 15 male AAA patients with a small AAA

(< 5 cm), aged between 60 to 86, with a BMI < 39, and without cardiac arrhythmia, heart fail-

ure, symptomatic aortic stenosis, or chronic obstructive pulmonary disease were administered

1.5 g/day of DHA and 0.3 g/day of EPA for twelve weeks. This supplementation resulted in a

significant reduction in pulse wave velocity (PWV), which indicates vascular stiffness, in

patients with AAA compared to their baseline PWV. There was no observed change in the

PWV of the control group.

3.2.3. In vitro studies. Regarding in vitro studies, one study investigated the effect of n-3

PUFA, specifically DHA, on macrophages from AAA patients [21]. The study’s results indi-

cated that DHA supplementation significantly lowered TNF-α and IL-6 levels, concurrently

boosting glutathione peroxidase activity and heme oxygenase-1 mRNA expression in macro-

phages of AAA patients. These findings collectively indicate a notable reduction in oxidative

stress within these cells. Table 1 summarizes the studies examining the impact of fish oil, n-3

PUFA, RvD1, and RvD2 on the pathogenesis and progression of AAA.

3.3. Vitamin D

Three studies investigating the impact of the vitamin D family on AAA progression have been

included in this systematic review [27–29]. All three studies utilized angiotensin-induced AAA

mouse models. Two of these studies explored the effects of calcitriol [27, 28], while the remain-

ing study investigated the influence of cholecalciferol on AAA in mouse models [29]. Notably,

the latter study also examined the impact of the active vitamin D metabolite on human aortic
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Table 1. Summary of fish oil, n-3 PUFA, RvD1, and RvD2 studies.

Supplement Study Country Rout of

administration

Sample Study design* Sample

Sizea
Age Main Finding

Fish Oil Kugo, 2016 Japan Oral male Sprague-

Dawley

in vivo-

Hypoperfusion

model

9 6 weeks Reduced AAA diameter and

mortality

Decreased MMP-2, MMP-9, and

mouse anti-malondialdehyde

expression

rats

Kugo, 2017 Japan Oral Male C57BL/6J

mice

in vivo- Nicotine

model

6 3 weeks Decrease in elastin degradation,

MMP-2 expression, Gelatinolytic

activity and monocyte/

macrophage infiltration

Fujishima,

2021

Japan Oral male Sprague-

Dawley

in vivo-

Hypoperfusion

model

8 5 weeks Increase in anti-inflammatory

macrophages

Decrease in MMP-2 and

malondialdehyde expression

rats

N-3 PUFA Wales, 2014 Australia Oral ApoE−/− mice in vivo- Ang-II

model

20 3–4 weeks Decrease in neutrophil and

macrophage infiltration and

superoxide production

A slight decrease in dissection

and death due to AAA rupture

Kavazos,

2015

Australia Oral Male apoE−/−

mice

in vivo- Ang-II

model

10 3 weeks Decreased MMP-9

immunoreactivity

Increased TIMP-1 and TGF-β1

Yoshihara,

2015

Japan Oral Male apoE−/−

C57BL/6 mice

in vivo- Ang-II

model

35 Reduced macrophage infiltration

and inflammatory mediators

expression

Bürgin-

Maunder,

2016

Australia Oral Male apoE−/−

mice

in vivo- Ang-II

model

14 3–4 weeks A modest extension in the time

to death resulting from AAA

rupture.

Wang, 2014 Japan Oral Male BALB/cA

mice

in vivo- CaCl2
model

13 7–9 weeks Reduced aortic diameter and

calcification, and elastin

degradation

Decrease in MMP-2, MMP-9 and

RANKL expression

Meital, 2019 Australia Oral AAA patients in vitro 19 74.6±5.8 years Reduced oxidative stress by

lowering TNF-α and IL-6 levels

Meital, 2020 Australia Oral AAA patients

with small

(<5cm)

aneurysm

Randomized

Controlled Trial

Omega3

group:15

Omega3 group:

73.6±5.0

Decrease in Pulse Wave velocity

Placebo

group: 15

Placebo group:

75.1 ± 5.7

RvD1 and

RvD2

Pope, 2016 USA Intraperitoneal

injection

Male C57BL/6J

mice

in vivo- PPE and

Ang-II models

18 8–12 weeks Decrease in aortic diameter

Reduced elastin degradation,

macrophage infiltration and

inflammatory cytokines

RvD1 Spinosa,

2017

USA Intravenous

injection

Male C57BL/6

mice and apoE−/

− mice

in vivo- topical

lastase and Ang-II

models

18 8–12 weeks Reduced AAA diameter

Filiberto,

2022

USA Injection Male C57BL/6

and FPR2−/−

mice and human

AAA tissue

in vivo- PPE model 6–16 8–12 weeks Reduced aneurysmal formation

and inflammatory cytokines

expression
in vitro

The abbreviations used in this table are as follows: AAA (Abdominal aortic aneurysm), RCT (Randomized controlled trial) MMP (Matrix Metalloproteinase), TIMP-1

(Tissue inhibitor of metalloproteinases-1), TGF-β (Transforming growth factor-β), IL-6 (Interleukin-6), and TNF-α (Tumor necrosis factor-α). *The study design in

animal experiments encompasses various methods employed to induce abdominal aortic aneurysm (AAA) in mice. These approaches include the utilization of

angiotensin-II (Ang-II), porcine pancreatic elastase (PPE), hypoperfusion, and CaCl2 to induce AAA. *Sample size in both animal and human studies encompasses

intervention group.

https://doi.org/10.1371/journal.pone.0305265.t001
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smooth muscle cells in vitro. It’s important to note that our search did not yield any clinical

studies concerning vitamin D in human subjects.

3.3.1. Animal studies. In angiotensin II-induced AAA mice, vitamin D deficiency was

associated with increased MMP-9 activity and elastin degradation [27]. Calcitriol supplemen-

tation reduced aortic aneurysm diameter, dissection, and rupture [27, 28]. This administration

also reduced elastin degradation, macrophage infiltration, and expression of MMP-2, MMP-9,

proinflammatory and proangiogenic chemokines (CCL2, CCL5, and CXCL1), vascular endo-

thelial growth factor (VEGF) within the abdominal aortic walls. reduced expression of proin-

flammatory and proangiogenic chemokines resulted in decreased neovascularization, a risk

factor for aneurysmal rupture. In addition, calcitriol supplementation increases the expression

of tissue inhibitor of metalloproteinases-1 (TIMP-1), which is an endogenous inhibitor of

MMP-9 and MMP-2. Moreover, calcitriol treatment led to a reduction in mitogen-activated

protein kinases (MAPKs) and nuclear factor-κB (NF-κB) pathways, which are associated with

oxidative stress [28]. Calcitriol supplementation by downregulating appotitic mediators(cas-

pase-3, caspase-8, Bid, and t-Bid) and improvement of the Nrf2 pathway throughreducing the

IFN-γ/IL-10 ratio mitigates apoptosis [27].

Along with calcitriol, a cholecalciferol-enriched diet resulted in a reduction in aneurysm

diameter and a lower rupture rate of AAAs. human aortic muscle smooth cells exposed to the

active metabolite of vitamin D, 1,25-dihydroxy vitamin D3, exhibited an upregulation of scler-

ostin expression. Moreover, there was an increase in the expression of contractile genes,

including calponin 1 (CNN1), myosin heavy chain 11 (MYH11), smoothelin (SMTN), caldes-

mon (CALD1), transgelin (TAGLN), and α-SMA (ACTA2), all of which play a pivotal role in

extracellular matrix remodeling (30).

Despite differences in study designs and outcome assessments, all preclinical studies consis-

tently demonstrated the effectiveness of vitamin D supplementation in mitigating the progres-

sion of AAA.

3.4. Vitamin E

Four studies investigating the impact of Vitamin E on AAA were included based on the inclu-

sion criteria [11, 30–32]. These comprised three animal studies [11, 30, 32] that employed

angiotensin-induced AAA mouse models to evaluate the effects of vitamin E supplements.

One of the studies was a randomized controlled trial that evaluated the impact of the active

form of vitamin E, alpha-tocopherol, on a large population of male smokers [31].

3.4.1. Animal studies. Gavrila et al. reported that four weeks of supplementation with a

vitamin E-enriched diet significantly reduced AAA formation induced by angiotensin II infu-

sion in apolipoprotein E-knockdown mice. This supplementation led to a 24% reduction in

maximal aortic diameter, and a 44% reduction in the composite endpoint of fatal and nonfatal

aortic rupture. Furthermore, vitamin E resulted in a decrease in oxidative stress, macrophage

infiltration, and osteopontin expression within the aneurysmal tissues. However, the adminis-

tration of vitamin E did not have a notable impact on aortic root atherosclerosis, MMP2 or

MMP-9 activation, lipid profile, or systolic blood pressure [11].

In a subsequent study, Jiang et al. examined the protective effects of antioxidants on AAA

formation in aged mice using the same mouse model of AAA. They supplemented mice with a

combination of two antioxidants, vitamin E and vitamin C. While the combination of vitamin

E and vitamin C slightly reduced the incidence of AAA rupture, it did not reach statistical sig-

nificance [30].

In another study using an angiotensin II-infused mice model, Gopal et al. revealed that the

administration of α-tocopherol resulted in a significant decrease in aortic diameter, circulating
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macrophages, and infiltrated macrophages. Additionally, decreased MMP-2, MMP-9, MMP-

12, and uPAR mRNA levels, and increased ICAM-1 and VCAM-1 mRNA levels were observed

in the α-tocopherol-treated group compared to the control group. [32].

3.4.2. Human studies. In a randomized controlled trial involving a considerable number

of male smokers, the potential preventive effects of a daily dose of 50 mg of alpha-tocopherol

on the development of AAA were examined over a follow-up period of 5.8 years. In this RCT

involving 29,133 male smokers, the participants were divided into four groups, each contain-

ing 7,286 individuals. One group received beta-carotene, another group received alpha-

tocopherol, a third group received both beta-carotene and alpha-tocopherol, and the fourth

group served as a control, receiving neither supplement. The study population comprised indi-

viduals aged 50–69, without prior cancer or any other serious disease. The findings of the

study suggested that while alpha-tocopherol had a slight impact, it was not statistically signifi-

cant in reducing the incidence of either ruptured or non-ruptured AAA [31].

3.5. Vitamin A

This review encompasses three studies that examine the impact of vitamin A or its derivatives

on the progression of abdominal aortic aneurysms [31–33]. Among these studies, one involves

human subjects [31], while the other two are animal studies utilizing angiotensin-induced

AAA models [32, 33].

3.5.1. Animal studies. In 2013, Gopal et al. evaluated whether β-carotene supplementa-

tion could reduce the severity or progression of abdominal aortic aneurysm in angiotensin-

induced mouse models. The study found that administration of β-carotene resulted in a signif-

icant decrease in aortic diameter, compared to the control group. Additionally, animals treated

with β-carotene exhibited a significant increase in LDL, cholesterol, and triglyceride levels,

along with a decrease in HDL levels. Histopathological findings indicated a complete resolu-

tion of areas affected by atheromatous plaque in the aorta with evidence of disruption in the

endothelial layer within the intima of the aorta. Furthermore, β-carotene utilization reduced

the infiltration of inflammatory cells in the intima layer and restored circulating lymphocytes

to normal levels [32].

Administration of all-trans-retinoic acid (ATRA) in aneurysmal mice resulted in a decrease

in the abdominal aorta diameter compared to the control group. In the ATRA-treated group

the expression of MMP 2, 9 and angiotensin II receptor type 1 were decreased. Furthermore

this supplementation led to a reduction in elastin degradation [33].

3.5.2. Human studies. In a randomized clinical trial investigated the potential preventive

effects of β-carotene supplementation on the risk of developing large AAA among male smok-

ers over a period of 5.8 years. The results indicated that β-carotene did not have a significant

preventive effect on the risk of large AAA in this particular population (RR = 0.93, CI = 0.69–

1.24) [31].

3.6. Vitamin C

This systematic review included three studies investigating the effect of vitamin C on the pro-

gression of AAA. Unfortunately, we were unable to find any human clinical trials involving

vitamin C.

The initial study investigated the effects of ascorbic acid on a rat model of saccular abdomi-

nal aortic aneurysm. In the treatment group, the aorta was wrapped with a gelatin hydrogel

sheet incorporating ascorbic acid. Treatment with ascorbic acid resulted in the preservation of

elastin and collagen, the downregulation of inflammatory markers (MMP-9, IL-1β, TNF-α,

and monocyte chemotactic protein-1), and the upregulation of tissue inhibitors of
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metalloproteinase. Additionally, the treated group exhibited lower levels of reactive oxygen

species and fewer CD68-positive cells [34].

Another study investigated the effects of Vitamin C administered through intraperitoneal

injections. The treated group showed a reduced aneurysmal diameter, enhanced preservation

of elastin content, and decreased levels of oxidative stress markers. Additionally, in the treated

group, there was a significant reduction in the expression of TNF-α, MMP-2, MMP-9, IL-1β,

and IL-6. However, there was an increase in the expression of tissue inhibitors of metallopro-

teinases [35].

In a study by Jiang et al., mentioned earlier in the vitamin E section, supplementation was

examined in a mouse model of AAA using a combination of orally administered vitamin E

and vitamin C. They demonstrated a slight reduction in the incidence of AAA rupture,

although it did not reach statistical significance [30].

3.7. Vitamin B family

This systematic review encompasses four animal studies that investigated the impact of the

vitamin B family on AAA progression. These studies utilized CaCl2- or angiotensin-induced

AAA models [9, 36–38]. Among them, two studies examined the impact of vitamin B9 [37,

38], one focused on riboflavin [36], and another investigated niacin [9]

3.7.1. Animal studies. Supplementation with niacin reduced aorta diameter and pre-

vented aneurysmal formation. It resulted in decreased macrophage infiltration, mitigated elas-

tin degradation, and lowered the expression of MMP-2, MMP-9, MCP-1, and TNF-α.

Importantly, the inhibitory effects of niacin against AAA formation were found to be indepen-

dent of GPR109A [9].

The administration of riboflavin resulted in a significant increase in the activity of a critical

antioxidant enzyme, superoxide dismutase, while simultaneously reducing ROS levels,

8-OHdG-positive and CD68-positive cells, as well as the expression of MMP-9 and TNF-α.

Furthermore, the treated group exhibited reduced aortic dilation, less elastin degradation, and

decreased inflammatory cell infiltration compared to the control group [36].

Oral folic acid treatment significantly decreased AAA formation, elastin degradation and

macrophage infiltration. It also decreased superoxide production and increased H4B bio-

availability, a cofactor of eNOS, promoting the recoupling of eNOS and leading to higher

NO levels [37]. In another study, the potential benefits of combining folic acid with Nifedi-

pine were investigated. The study revealed that oral administration of folic acid plus Nifedi-

pine significantly reduced AAA incidence. The combination therapy effectively decreased

aortic superoxide production, eNOS uncoupling activity, elastin degradation, and adventi-

tial hypertrophy [38].

3.8. Methionine

Red meat constitutes a significant dietary source of methionine, a precursor for homocysteine

and cysteine. Elevated intake of methionine and subsequent homocysteine levels have been

linked to an increased risk of cardiovascular disease, primarily attributed to the induction of

oxidative stress and inflammatory cascades. Methionine-induced hyperhomocysteinemia has

been associated with various alterations in the structure of the aortic wall, including thickening

of layers, endothelial cell hyperplasia, microthrombi formation, atheromatous plaque develop-

ment, collagen accumulation, and an increase in interlamellar spaces [39]. Observational stud-

ies have also indicated a potential association between hyperhomocysteinemia and the

progression of AAA [40].
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While one animal study explored the impact of methionine administration on aortic aneu-

rysm [41], it is noteworthy that no human studies have been identified investigating methio-

nine in this context.

In a study examining the effect of hypermethioninemia on AAA development in rats, find-

ings revealed that hypermethioninemia exacerbated AAA severity and elastin degradation. Fur-

thermore, hypermethioninemia was associated with increased expression of MMP-2,

osteopontin, interleukin-6, and autophagy markers (beclin-1 and LC3) within aortic tissues [41].

3.9. Other supplements

Limited animal model studies have been conducted to investigate the effect of other supple-

mention on the AAA progression.

3.9.1. Celastrol supplementation. In a mouse model of Ang II-induced Abdominal Aor-

tic Aneurysm (AAA), dietary supplementation with Celastrol, a pentacyclic triterpene derived

from the root extracts of the Chinese herb Tripterygium wilfordii, resulted in increased

abdominal aortic dilatation, elastin degradation, and activation of MMP-9. [42].

3.9.2. Cycloastragenol. In the investigation of cycloastragenol, the active compound found

in the Chinese herb Astragalus membranaceus, and its effect on aneurysm progression in a rat

model of elastase-induced AAA, significant findings emerged. The study revealed that in the

group treated with cycloastragenol, there were notable reductions observed in aneurysmal

diameter, microcalcification, MMP-2 activity, and elastin degradation. Additionally, levels of

messenger RNA for various anti-oxidative and inflammatory markers (LOX, MMP-2, MMP-9,

MMP-12, CD45, CD68, F4/80, iNOS, IL-10, IL-6, Nrf2, HO-1) remained unchanged [43].

3.9.3. Tree nuts. A diet enriched with tree nuts did not yield a significant effect on the

diameter of the aorta or the incidence of aortic rupture in mice [44].

3.9.4. Dietary phytoestrogens. A diet rich in phytoestrogens was found to reduce the

incidence of AAA and mitigate elastin and collagen degradation in male mice, but this effect

was not observed in female mice. Within the male treatment group, significant reductions

were noted in aortic neutrophil, macrophage, and lymphocyte counts. Moreover, levels of

MMP-9, IL-1β, IL-6, IL-17, IL-23, MCP-1, RANTES (regulated on activation, normal T cells

expressed and secreted), interferon-gamma, and TNF-α exhibited similar decreases in the aor-

tas of treated males [45].

3.9.5. Short-chain fatty acids. Oral administration of short-chain fatty acids (SCFAs), an

intestinal microbial metabolite, resulted in a significant reduction in the maximum outer

diameter of aneurysms in mouse models induced by elastase and Ca3(PO)4. Additionally, the

mice treated with SCFAs exhibited a statistically significant decrease in medial elastin degrada-

tion and a reduced presence of CD3+ T cells and CD68+ macrophages within the aortic wall

compared to the control groups [46].

3.9.6. Spermidine. In a murine model of AAA, the administration of spermidine, a natu-

ral polyamine, demonstrated notable reductions in aneurysmal incidence, aortic diameter,

neo-angiogenesis, as well as diminished collagen and elastin degradation in comparison to the

control group. Spermidine treatment also led to diminished infiltration of macrophages, T

cells, and neutrophils within the aorta. Moreover, it was observed that spermidine administra-

tion resulted in a decrease in the circulating inflammatory monocytes and neutrophils. Further

investigation revealed alterations in autophagy within AAAs following spermidine treatment,

potentially mediated through the mTOR and Beclin1 pathways [47].

3.9.7. Zinc. Intraperitoneal administration of zinc in a rat model of AAA induced by

CaCl2 led to a decrease in aneurysmal incidence, aortic diameter, and elastin fragmentation.

Furthermore, zinc injection resulted in a reduction in the expression of MMP-2 and MMP-9.
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Additionally, zinc treatment decreased macrophage infiltration and suppressed the activation

of NF-κB [48].

Table 2 summarizes the studies examining the impact of vitamin D, E, A, B, C families, and

other supplements on the pathogenesis and progression of AAA.

4. Discussion

To our knowledge, this is the first systematic review assessing the role of vitamin D, E, and

omega-3 fatty acids in AAA. Our study incorporated human and animal studies in addition to

in vitro studies in order to provide better insight into the topic. The findings of these studies

can be summarized as following: 1) Although omega-3 supplementation did not result in sig-

nificantly lower mortality from AAA in animal studies, it reduced aortic diameter significantly.

Additionally, it reduced AAA incidence in murine models. In a human study, it decreased

PWV representing lower vascular stiffness. 2) Vitamin D supplementation resulted in slower

progression of AAA through reduction in diameter and a lower rupture rate in animal models.

3) Supplementation with vitamin E reduced AAA formation and aortic diameter in some

mouse models. Moreover, it led to a non-significant reduction in the incidence of AAA in a

human RCT. 4) Regarding vitamin A supplementation, despite the fact that in a study on

angiotensin-induced mice, β-carotene decreased aortic diameter, β-carotene could not reduce

the development of large AAA in an RCT. 5) Vitamin C supplementation resulted in a reduc-

tion of maximal aortic diameter. 6) Vitamin B family, particularly niacin, riboflavin, and folic

acid, had positive effects on decreasing AAA diameter in mouse models.

It has been suggested that long-chain n-3 PUFAs are associated with a lower risk of mortal-

ity from inflammatory diseases [49]. To support this idea, AAA incidence has been suggested

to be lower in the Japanese population, where dietary intake of EPA and DHA is fourfold

higher than that reported in European cohorts [50, 51]. Although there might be confounding

factors such as lower smoking rates in Japanese individuals, there is still a high possibility of n-

3 PUFA involvement. Moreover, supplementation with n-3 PUFAs has shown to decrease lev-

els of C-reactive protein, IL-6, and TNF-α, along with reducing the infiltration of macrophages

and neutrophils into the aortic wall [52, 53]. Another way n-3 PUFAs could impact AAA pro-

gressions by elevating serum high-density lipoprotein (HDL) levels while reducing triglycer-

ides and low-density lipoprotein (LDL), which are important predictors of AAA development

[54, 55]. It appears that PUFAs are one of the most extensively researched supplements regard-

ing their impact on AAA.

Given the roles of vitamin D in affecting the established risk factors of AAA such as hyper-

tension, inflammation, and vascular calcification, it has been suggested that serum vitamin D

may have a potential association with AAA development [56–59]. In a study conducted

among older men, it was shown that the lowest quartile of serum 25(OH) vitamin D levels had

a five-fold chance of AAA (>40 mm) compared with the upper quartile [5]. Another potential

explanation for the association between vitamin D and AAA could be attributed to the involve-

ment of bone proteins in AAA pathogenesis [60, 61]. For instance, research indicates a reduc-

tion in the expression of the bone protein sclerostin (SOST) in the aorta of individuals with

AAA [61], while vitamin D has been observed to up-regulate SOST expression [62]. These

findings suggest that vitamin D could be a promising candidate for larger randomized trials in

patients with AAA.

Human AAA tissues also had an increased oxidative stress [63, 64]. Another interesting

observation was made by Sakalihasan et al, who reported lower plasma vitamin E levels in

patients with AAA but not in those with coronary artery disease, highlighting its specificity for

AAA [65]. Oxidative stress is considered one of the main consequences of inflammation,
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Table 2. Summary of vitamin D, E, A, B, C families, and other supplementation studies.

Supplement Study Country Rout of

administration

Sample Study Design Sample Size* Age Main Finding

Vitamin D Martorell, 2016 Spain Oral- Calcitriol Male,

apoE−/−,

BALB/c

mice

in vivo- Ang-II

model

24 4 weeks Reduction in the formation and

diameter of dissecting aneurysms.

Nsengiyumva,

2020

Australia Oral- Cholecalciferol Male apoE−/

−, C57BL/6J

mice

in vivo- Ang-II

model

41 13

weeks

Decrease in aneurysm diameter

and rupture rate.

Jreije, 2022 Lebonan Intraperitoneal-

Calcitriol

Male,

BALB/c

mice

in vivo- Ang-II

and

10 4 weeks Decrease in elastin degradation,

incidence, and severity of AAA.

anti-TGF-β
models

Vitamin E Torrnwall,

2001

Finland Oral- α-Tocopherol,

β-Carotene

Smoker

men

RCT α-Tocopherol

group: 7286

50–69

years

Slight, non-significant reduction

in the incidence of AAA among

individuals receiving α-tocopherol

compared with those who did not

(RR = 0.83)

β-Carotene group:

7282

α-Tocopherol + β-

Carotene group:

7278

Gavrila, 2005 USA Oral- Vitamin E Male apoE−/

− mice

in vivo- Ang-II

model

4 6

months

Reduction in AAA formation,

aortic diameter, and rupture.

Jiang, 2007 Australia Oral- Vitamin E plus

Vitamin C

Male apoE−/

− mice

in vivo- Ang-II

model

13 50–60

weeks

Slight, non-significant reduction

in aneurysmal rupture.

Gopal, 2013 India Oral- α-Tocopherol Male apoE−/

− mice

in vivo- Ang-II

model

6 4

months

Decrease in aortic diameter.

Vitamin A Torrnwall,

2001

Finland Oral- α-Tocopherol,

β-Carotene

Human RCT α-Tocopherol

group: 7286

50–69 y Slight, non-significant reduction

in the incidence of AAA among

individuals receiving β-Carotene

compared with those who did not

(RR = 0.93)

β-Carotene group:

7282 α-Tocopherol

+ β-Carotene

group: 7278

Gopal, 2013 India Oral- β-Carotene Male apoE−/

− mice

in vivo- Ang-II

model

6 4

months

Decrease in aortic diameter.

Xiao, 2020 China Oral- all-trans

retinoic acid

Male apoE−/

− mice

in vivo- Ang-II

model

12 16

weeks

Decrease in aortic diameter.

Methionine Fan, 2019 China Intragastric-

Methionine

Sprague-

Dawley rats

in vivo- PPE

model

15 8 weeks Increase in aortic dilation.

Vitamin C Tanaka, 2013 Japan Aorta wrapped with a

ascorbic acid

hydrogel sheet

Male in vivo- PPE

and CaCl2
model

18 8 weeks Reduction in elastin and collagen

degradation.

Sprague-

Dawley rats

Decrease in reactive oxygen

species levels.

Shang, 2013 China Intraperitoneal-

Vitamin C

Male rats in vivo- PPE

model

12 6 weeks Decrease in aortic diameter and

oxidative stress markers.

Vitamin B Siu, 2013 USA Oral-Folic acid Male apoE−/

− mice

in vivo- Ang-II

model

41 6–8

months

Decrease in AAA incidence and

aortic diameter.

Yu, 2015 Japan Gastric gavage-

Riboflavin

Male

Sprague-

Dawley

in vivo- CaCl2
model

18 10

weeks

Decrease in aortic diameter and

reactive oxygen species levels.

rats

Horimatsu,

2019

USA Oral- Niacin Male Ldlr−/

− mice

in vivo- Ang-II

and CaCl2
models

Decrease in macrophages

infiltration and elastin

degradation.

Huang, 2022 USA Oral- Folic acid Male apoE−/

− mice

in vivo- Ang-II

model

38 6–8

months

Decrease in AAA incidence.

(Continued)
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which has been shown to be involved in AAA pathogenesis [66, 67]. In the study by Miller

et al., it was demonstrated that aneurysmal aorta in humans has higher levels of oxidative dam-

age and pro-oxidant enzyme activity [63]. Therefore, vitamin E, as a dietary anti-oxidant

might be beneficial in patients with AAA. Similarly, Nakahashi et al. found that vitamin E sup-

plementation could lead to a reduction in aortic enlargement and reactive oxygen species

(ROS) production [68]. The same story could be said for β-carotene, which demonstrated effi-

cacy in our systematic review. β-carotene may contribute to AAA progression by reducing

inflammation severity and enhancing the immune system [69]. In summary, our findings sug-

gest that vitamin E could be a potential candidate for further investigation in AAA.

The studies assessing hyperhomocysteinemia in relation to AAA progression vary based on

population, definitions, and adjustment for confounding variables [70, 71]. The relationship

between hyperhomocysteinemia and vascular diseases has been established and has become an

interesting topic for research [72, 73]. One of the main causes of hyperhomocysteinemia is

deficiencies in its cofactors, such as folate, vitamin B6, and vitamin B12 [74], and this could be

the clue for the efficacy of the vitamin B group in AAA. However, as there were not many stud-

ies found for our systematic review, larger studies are warranted to exclusively assess vitamin B

supplementation in human subjects and with a high sample size.

In addition to the main supplements assessed in our study, others such as methionine,

celastrol, cycloastragenol, phytoestrogens, SCFAs, spermidine, and zinc were also assessed.

Compared to vitamins, there were fewer studies for these supplements, and more research is

necessary to confirm the preliminary findings.

This study was the most comprehensive systematic review for the assessment of dietary sup-

plements in AAA. The inclusion of animal, in vitro, and human studies stands out as one of its

Table 2. (Continued)

Supplement Study Country Rout of

administration

Sample Study Design Sample Size* Age Main Finding

Others Lu, 2013 USA Oral-Phytoestrogen Female and

male

C57BL/6

mice

in vivo- PPE

model

16 6 weeks Decrease in aortic diameter and

MMP-9 levels in male mice.

Yan, 2016 China Intraperitoneal- Zinc Wistar rats in vivo- CaCl2

model

10 8 weeks Decrease in aortic diameter and

inflammatory mediators.

Phie, 2018 Australia Oral- Tree nuts Male apoE−/

− mice

in vivo- Ang-II

model

17 10–12

weeks

No impact on aortic diameter or

rupture.

Liu, 2020 China Oral- Spermidine Male

C57BL/6

mice

in vivo- PPE

model

18 8–10

weeks

Decrease in aortic diameter.

Yang, 2022 China Oral-Short chain

fatty acids

Male

C57BL/6J

mice

in vivo- PPE

and Ca3(PO4)2

models

13 7–8

weeks

Reduction in aortic diameter,

along with elastin degradation and

macrophage infiltration.

Melin, 2022 Denmark Oral-

Cycloastragenol

Male

Sprague-

Dawley rats

in vivo- PPE

model

12 7–10

weeks

Reduction in aortic diameter and

elastin degradation.

Javidan, 2023 USA Oral- Celastrol Female and

male Ldlr−/−

mice

in vivo- Ang-II

model

24 8–12

weeks

Increase in aortic dilatation, AAA

incidence, and elastin degradation.

The abbreviations used in this table are as follows: AAA (Abdominal aortic aneurysm), RCT (Randomized controlled trial). *The study design in animal experiments

encompasses various methods employed to induce abdominal aortic aneurysm (AAA) in mice. These approaches include the utilization of angiotensin-II (Ang-II),

porcine pancreatic elastase (PPE), hypoperfusion, CaCl2, Ca3(PO4)2, and nicotine to induce AAA. *Sample size in both animal and human studies encompasses

intervention group.

https://doi.org/10.1371/journal.pone.0305265.t002
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main strengths. However, there are certain limitations that should be aknowleded. First, the

limited number of studies included for each supplement underscores the need for larger future

studies, particularly focusing on RCTs. Second, variations in study designs, settings, and popu-

lations among the included studies may restrict the generalizability of our findings. Third, due

to the variety in the statistical methods among the included studies, we were not able to per-

form a meta-analysis and the lack of quantitative review in our study is another limitation.

Finally, as the majority of our included studies were animal studies, there is a need for larger

human studies.

5. Conclusion

The findings of these studies suggest that dietary supplements may play a role in the progres-

sion of AAA. The included studies primarily involved animals, indicating that these supple-

ments could potentially limit AAA progression by reducing aortic diameter. Notably, among

the investigated supplements, omega-3, vitamin E, and vitamin A demonstrated some effec-

tiveness in human studies. Additionally, supplements such as vitamin C, the vitamin B family,

and zinc showed promising results in animal studies but have yet to be evaluated in human

studies, suggesting they merit consideration for future research. Finally, the precise efficacy of

dietary supplements in limiting AAA progression and reducing mortality warrants additional

evaluation, as current research has not yielded definitive conclusions.

Supporting information

S1 Table. Detailed search queries.

(DOCX)

S1 File. PRISMA checklist.

(DOCX)

Author Contributions

Conceptualization: Zahra Amirsardari.

Data curation: Zahra Amirsardari.

Investigation: Asal Khalili, Sadaf Agahi.

Methodology: Zahra Amirsardari, Fatemeh Amirsardari, Erfan Kohansal.

Project administration: Zahra Amirsardari, Asal Khalili, Amir hossein Behnoush, Erfan

Kohansal.

Supervision: Parham Sadeghipour.

Validation: Zahra Amirsardari.

Visualization: Zahra Amirsardari, Fatemeh Amirsardari.

Writing – original draft: Zahra Amirsardari, Asal Khalili, Amir hossein Behnoush, Sadaf

Agahi, Fatemeh Amirsardari, Erfan Kohansal.

Writing – review & editing: Parham Sadeghipour.

References
1. Avishay DM, Reimon JD. Abdominal Aortic Repair. StatPearls. Treasure Island (FL): StatPearls Pub-

lishing Copyright© 2023, StatPearls Publishing LLC.; 2023.

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 15 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305265.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305265.s002
https://doi.org/10.1371/journal.pone.0305265


2. Wanhainen A, Verzini F, Van Herzeele I, Allaire E, Bown M, Cohnert T, et al. Editor’s Choice—Euro-

pean 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. https://doi.org/

10.1016/j.ejvs.2018.09.020 PMID: 30528142

3. Sakalihasan N, Michel J-B, Katsargyris A, Kuivaniemi H, Defraigne J-O, Nchimi A, et al. Abdominal aor-

tic aneurysms. Nature reviews Disease primers. 2018; 4(1):34. https://doi.org/10.1038/s41572-018-

0030-7 PMID: 30337540

4. Nordon IM, Hinchliffe RJ, Loftus IM, Thompson MM. Pathophysiology and epidemiology of abdominal

aortic aneurysms. Nat Rev Cardiol. 2011; 8(2):92–102. https://doi.org/10.1038/nrcardio.2010.180

PMID: 21079638

5. Wong YY, Flicker L, Yeap BB, McCaul KA, Hankey GJ, Norman PE. Is hypovitaminosis D associated

with abdominal aortic aneurysm, and is there a dose-response relationship? Eur J Vasc Endovasc

Surg. 2013; 45(6):657–64. https://doi.org/10.1016/j.ejvs.2013.03.015 PMID: 23602862

6. Aikawa T, Miyazaki T, Shimada K, Sugita Y, Shimizu M, Ouchi S, et al. Low Serum Levels of EPA are

Associated with the Size and Growth Rate of Abdominal Aortic Aneurysm. J Atheroscler Thromb. 2017;

24(9):912–20. https://doi.org/10.5551/jat.38315 PMID: 28331158

7. Kavazos K, Nataatmadja M, Wales KM, Hartland E, Williams C, Russell FD. Dietary supplementation

with omega-3 polyunsaturated fatty acids modulate matrix metalloproteinase immunoreactivity in a

mouse model of pre-abdominal aortic aneurysm. Heart Lung Circ. 2015; 24(4):377–85. https://doi.org/

10.1016/j.hlc.2014.11.005 PMID: 25512019

8. Kugo H, Zaima N, Mouri Y, Tanaka H, Yanagimoto K, Urano T, et al. The preventive effect of fish oil on

abdominal aortic aneurysm development. Biosci Biotechnol Biochem. 2016; 80(6):1186–91. https://doi.

org/10.1080/09168451.2016.1146073 PMID: 27022887

9. Horimatsu T, Blomkalns AL, Ogbi M, Moses M, Kim D, Patel S, et al. Niacin protects against abdominal

aortic aneurysm formation via GPR109A independent mechanisms: role of NAD+/nicotinamide. Cardio-

vasc Res. 2020; 116(14):2226–38. https://doi.org/10.1093/cvr/cvz303 PMID: 31710686

10. Hao Q, Chen X, Wang X, Dong B, Yang C. Curcumin Attenuates Angiotensin II-Induced Abdominal Aor-

tic Aneurysm by Inhibition of Inflammatory Response and ERK Signaling Pathways. Evid Based Com-

plement Alternat Med. 2014; 2014:270930. https://doi.org/10.1155/2014/270930 PMID: 25431606

11. Gavrila D, Li WG, McCormick ML, Thomas M, Daugherty A, Cassis LA, et al. Vitamin E inhibits abdomi-

nal aortic aneurysm formation in angiotensin II-infused apolipoprotein E-deficient mice. Arterioscler

Thromb Vasc Biol. 2005; 25(8):1671–7. https://doi.org/10.1161/01.ATV.0000172631.50972.0f PMID:

15933246
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15. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane Collabora-

tion’s tool for assessing risk of bias in randomised trials. Bmj. 2011;343. https://doi.org/10.1136/bmj.

d5928 PMID: 22008217

16. Bürgin-Maunder CS, Nataatmadja M, Vella RK, Fenning AS, Brooks PR, Russell FD. Investigation of

long chain omega-3 PUFAs on arterial blood pressure, vascular reactivity and survival in angiotensin II-

infused Apolipoprotein E-knockout mice. Clinical and Experimental Pharmacology and Physiology.

2016; 43(2):174–81. https://doi.org/10.1111/1440-1681.12520 PMID: 26638987

17. Wales KM, Kavazos K, Nataatmadja M, Brooks PR, Williams C, Russell FD. N-3 PUFAs protect against

aortic inflammation and oxidative stress in angiotensin II-infused apolipoprotein E-/-mice. PLoS One.

2014; 9(11):e112816. https://doi.org/10.1371/journal.pone.0112816 PMID: 25398022

18. Meital LT, Schulze K, Magee R, O’Donnell J, Jha P, Meital CY, et al. Long chain omega-3 polyunsatu-

rated fatty acids improve vascular stiffness in abdominal aortic aneurysm: a randomized controlled trial.

Nutrients. 2020; 13(1):138. https://doi.org/10.3390/nu13010138 PMID: 33396567

19. Pope NH, Salmon M, Davis JP, Chatterjee A, Su G, Conte MS, et al. D-series resolvins inhibit murine

abdominal aortic aneurysm formation and increase M2 macrophage polarization. Faseb j. 2016; 30

(12):4192–201. https://doi.org/10.1096/fj.201600144RR PMID: 27619672

20. Yoshihara T, Shimada K, Fukao K, Sai E, Sato-Okabayashi Y, Matsumori R, et al. Omega 3 polyunsatu-

rated fatty acids suppress the development of aortic aneurysms through the inhibition of macrophage-

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 16 / 19

https://doi.org/10.1016/j.ejvs.2018.09.020
https://doi.org/10.1016/j.ejvs.2018.09.020
http://www.ncbi.nlm.nih.gov/pubmed/30528142
https://doi.org/10.1038/s41572-018-0030-7
https://doi.org/10.1038/s41572-018-0030-7
http://www.ncbi.nlm.nih.gov/pubmed/30337540
https://doi.org/10.1038/nrcardio.2010.180
http://www.ncbi.nlm.nih.gov/pubmed/21079638
https://doi.org/10.1016/j.ejvs.2013.03.015
http://www.ncbi.nlm.nih.gov/pubmed/23602862
https://doi.org/10.5551/jat.38315
http://www.ncbi.nlm.nih.gov/pubmed/28331158
https://doi.org/10.1016/j.hlc.2014.11.005
https://doi.org/10.1016/j.hlc.2014.11.005
http://www.ncbi.nlm.nih.gov/pubmed/25512019
https://doi.org/10.1080/09168451.2016.1146073
https://doi.org/10.1080/09168451.2016.1146073
http://www.ncbi.nlm.nih.gov/pubmed/27022887
https://doi.org/10.1093/cvr/cvz303
http://www.ncbi.nlm.nih.gov/pubmed/31710686
https://doi.org/10.1155/2014/270930
http://www.ncbi.nlm.nih.gov/pubmed/25431606
https://doi.org/10.1161/01.ATV.0000172631.50972.0f
http://www.ncbi.nlm.nih.gov/pubmed/15933246
https://doi.org/10.1042/CS20220795
http://www.ncbi.nlm.nih.gov/pubmed/37559446
https://doi.org/10.1371/journal.pmed.1003583
http://www.ncbi.nlm.nih.gov/pubmed/33780438
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1111/1440-1681.12520
http://www.ncbi.nlm.nih.gov/pubmed/26638987
https://doi.org/10.1371/journal.pone.0112816
http://www.ncbi.nlm.nih.gov/pubmed/25398022
https://doi.org/10.3390/nu13010138
http://www.ncbi.nlm.nih.gov/pubmed/33396567
https://doi.org/10.1096/fj.201600144RR
http://www.ncbi.nlm.nih.gov/pubmed/27619672
https://doi.org/10.1371/journal.pone.0305265


mediated inflammation. Circulation Journal. 2015; 79(7):1470–8. https://doi.org/10.1253/circj.CJ-14-

0471 PMID: 25925976

21. Meital LT, Windsor MT, Perissiou M, Schulze K, Magee R, Kuballa A, et al. Omega-3 fatty acids

decrease oxidative stress and inflammation in macrophages from patients with small abdominal aortic

aneurysm. Scientific reports. 2019; 9(1):12978. https://doi.org/10.1038/s41598-019-49362-z PMID:

31506475

22. Wang JH, Eguchi K, Matsumoto S, Fujiu K, Komuro I, Nagai R, et al. Theω-3 polyunsaturated fatty

acid, eicosapentaenoic acid, attenuates abdominal aortic aneurysm development via suppression of tis-

sue remodeling. PLoS One. 2014; 9(5):e96286.

23. Filiberto AC, Ladd Z, Leroy V, Su G, Elder CT, Pruitt EY, et al. Resolution of inflammation via RvD1/

FPR2 signaling mitigates Nox2 activation and ferroptosis of macrophages in experimental abdominal

aortic aneurysms. The FASEB Journal. 2022; 36(11):e22579. https://doi.org/10.1096/fj.202201114R

PMID: 36183323

24. Spinosa M, Su G, Salmon MD, Lu G, Cullen JM, Fashandi AZ, et al. Resolvin D1 decreases abdominal

aortic aneurysm formation by inhibiting NETosis in a mouse model. Journal of Vascular Surgery. 2018;

68(6, Supplement):93S–103S. https://doi.org/10.1016/j.jvs.2018.05.253 PMID: 30470363

25. Fujishima R, Kugo H, Yanagimoto K, Enomoto H, Moriyama T, Zaima N. Similar distribution of orally

administered eicosapentaenoic acid and M2 macrophage marker in the hypoperfusion-induced abdomi-

nal aortic aneurysm wall. Food & Function. 2021; 12(8):3469–75. https://doi.org/10.1039/d0fo03317k

PMID: 33900315

26. Kugo H, Zaima N, Onozato M, Miyamoto C, Hashimoto K, Yanagimoto K, et al. Suppressive effects of

dietary EPA-rich fish oil on the degradation of elastin fibers in the aortic wall in nicotine-administered

mice. Food & function. 2017; 8(8):2829–35. https://doi.org/10.1039/c7fo00553a PMID: 28725903

27. Jreije A, Medlej-Hashim M, Hajal J, Saliba Y, Chacar S, Fares N, et al. Calcitriol Supplementation Pro-

tects Against Apoptosis and Alleviates the Severity of Abdominal Aortic Aneurysm Induced by Angioten-

sin II and Anti-TGFβ. J Cardiovasc Transl Res. 2022; 15(6):1340–51.

28. Martorell S, Hueso L, Gonzalez-Navarro H, Collado A, Sanz MJ, Piqueras L. Vitamin D Receptor Activa-

tion Reduces Angiotensin-II-Induced Dissecting Abdominal Aortic Aneurysm in Apolipoprotein E-

Knockout Mice. Arterioscler Thromb Vasc Biol. 2016; 36(8):1587–97. https://doi.org/10.1161/

ATVBAHA.116.307530 PMID: 27283745

29. Nsengiyumva V, Krishna SM, Moran CS, Moxon JV, Morton SK, Clarke MW, et al. Vitamin D deficiency

promotes large rupture-prone abdominal aortic aneurysms and cholecalciferol supplementation limits

progression of aneurysms in a mouse model. Clin Sci (Lond). 2020; 134(18):2521–34. https://doi.org/

10.1042/CS20200980 PMID: 32936248

30. Jiang F, Jones GT, Dusting GJ. Failure of antioxidants to protect against angiotensin II-induced aortic

rupture in aged apolipoprotein(E)-deficient mice. Br J Pharmacol. 2007; 152(6):880–90. https://doi.org/

10.1038/sj.bjp.0707449 PMID: 17828285

31. Törnwall ME, Virtamo J, Haukka JK, Albanes D, Huttunen JK. Alpha-tocopherol (vitamin E) and beta-

carotene supplementation does not affect the risk for large abdominal aortic aneurysm in a controlled

trial. Atherosclerosis. 2001; 157(1):167–73. https://doi.org/10.1016/s0021-9150(00)00694-8 PMID:

11427217

32. Gopal K, Nagarajan P, Jedy J, Raj AT, Gnanaselvi SK, Jahan P, et al. β-Carotene Attenuates Angioten-

sin II-Induced Aortic Aneurysm by Alleviating Macrophage Recruitment in Apoe(-/-) Mice. PLoS One.

2013; 8(6):e67098.

33. Xiao J, Liu J, Lio I, Yang C, Chen X, Zhang H, et al. All-trans retinoic acid attenuates the progression of

Ang II-induced abdominal aortic aneurysms in ApoE(-/-)mice. J Cardiothorac Surg. 2020; 15(1):160.

https://doi.org/10.1186/s13019-020-01208-w PMID: 32615991

34. Tanaka A, Hasegawa T, Morimoto K, Bao W, Yu J, Okita Y, et al. Controlled release of ascorbic acid

from gelatin hydrogel attenuates abdominal aortic aneurysm formation in rat experimental abdominal

aortic aneurysm model. Journal of vascular surgery. 2014; 60(3):749–58. https://doi.org/10.1016/j.jvs.

2013.07.013 PMID: 24011462

35. Shang T, Liu Z, Liu C-j. Antioxidant Vitamin C attenuates experimental abdominal aortic aneurysm

development in an elastase-induced rat model. journal of surgical research. 2014; 188(1):316–25.

36. Yu Z, Morimoto K, Yu J, Bao W, Okita Y, Okada K. Endogenous superoxide dismutase activation by

oral administration of riboflavin reduces abdominal aortic aneurysm formation in rats. J Vasc Surg.

2016; 64(3):737–45. https://doi.org/10.1016/j.jvs.2015.03.045 PMID: 26070605

37. Siu KL, Miao XN, Cai H. Recoupling of eNOS with folic acid prevents abdominal aortic aneurysm forma-

tion in angiotensin II-infused apolipoprotein E null mice. PLoS One. 2014; 9(2):e88899. https://doi.org/

10.1371/journal.pone.0088899 PMID: 24558445

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 17 / 19

https://doi.org/10.1253/circj.CJ-14-0471
https://doi.org/10.1253/circj.CJ-14-0471
http://www.ncbi.nlm.nih.gov/pubmed/25925976
https://doi.org/10.1038/s41598-019-49362-z
http://www.ncbi.nlm.nih.gov/pubmed/31506475
https://doi.org/10.1096/fj.202201114R
http://www.ncbi.nlm.nih.gov/pubmed/36183323
https://doi.org/10.1016/j.jvs.2018.05.253
http://www.ncbi.nlm.nih.gov/pubmed/30470363
https://doi.org/10.1039/d0fo03317k
http://www.ncbi.nlm.nih.gov/pubmed/33900315
https://doi.org/10.1039/c7fo00553a
http://www.ncbi.nlm.nih.gov/pubmed/28725903
https://doi.org/10.1161/ATVBAHA.116.307530
https://doi.org/10.1161/ATVBAHA.116.307530
http://www.ncbi.nlm.nih.gov/pubmed/27283745
https://doi.org/10.1042/CS20200980
https://doi.org/10.1042/CS20200980
http://www.ncbi.nlm.nih.gov/pubmed/32936248
https://doi.org/10.1038/sj.bjp.0707449
https://doi.org/10.1038/sj.bjp.0707449
http://www.ncbi.nlm.nih.gov/pubmed/17828285
https://doi.org/10.1016/s0021-9150%2800%2900694-8
http://www.ncbi.nlm.nih.gov/pubmed/11427217
https://doi.org/10.1186/s13019-020-01208-w
http://www.ncbi.nlm.nih.gov/pubmed/32615991
https://doi.org/10.1016/j.jvs.2013.07.013
https://doi.org/10.1016/j.jvs.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/24011462
https://doi.org/10.1016/j.jvs.2015.03.045
http://www.ncbi.nlm.nih.gov/pubmed/26070605
https://doi.org/10.1371/journal.pone.0088899
https://doi.org/10.1371/journal.pone.0088899
http://www.ncbi.nlm.nih.gov/pubmed/24558445
https://doi.org/10.1371/journal.pone.0305265


38. Huang K, Wu Y, Zhang Y, Youn JY, Cai H. Combination of folic acid with nifedipine is completely effec-

tive in attenuating aortic aneurysm formation as a novel oral medication. Redox Biol. 2022; 58:102521.

https://doi.org/10.1016/j.redox.2022.102521 PMID: 36459715

39. Zerrouk F, Chaouad B, Ghoul A, Chalour N, Moulahoum A, Khiari Z, et al. A chronic moderate methio-

nine administration induced hyperhomocysteinemia associated with cardiovascular disease phenotype

in the sand rat Psammomys obesus. Folia Histochem Cytobiol. 2022; 60(2):111–24. https://doi.org/10.

5603/FHC.a2022.0013 PMID: 35603572

40. Moroz P, Le MTQ, Norman PE. Homocysteine and abdominal aortic aneurysms. ANZ Journal of Sur-

gery. 2007; 77(5):329–32. https://doi.org/10.1111/j.1445-2197.2007.04052.x PMID: 17497968

41. Fan Y, Li N, Liu C, Dong H, Hu X. Excessive Methionine Supplementation Exacerbates the Develop-

ment of Abdominal Aortic Aneurysm in Rats. J Vasc Res. 2019; 56(5):230–40. https://doi.org/10.1159/

000501313 PMID: 31307051

42. Javidan A, Jiang W, Yang L, Frony AC, Subramanian V. Celastrol Supplementation Ablates Sexual

Dimorphism of Abdominal Aortic Aneurysm Formation in Mice. Biomolecules. 2023; 13(4):603. https://

doi.org/10.3390/biom13040603 PMID: 37189351

43. Melin LG, Dall JH, Lindholt JS, Steffensen LB, Beck HC, Elkrog SL, et al. Cycloastragenol inhibits

experimental abdominal aortic aneurysm progression. Biomedicines. 2022; 10(2):359. https://doi.org/

10.3390/biomedicines10020359 PMID: 35203568

44. Phie J, Moxon JV, Krishna SM, Kinobe R, Morton SK, Golledge J. A diet enriched with tree nuts reduces

severity of atherosclerosis but not abdominal aneurysm in angiotensin II-infused apolipoprotein E defi-

cient mice. Atherosclerosis. 2018; 277:28–33. https://doi.org/10.1016/j.atherosclerosis.2018.08.004

PMID: 30170221

45. Lu G, Su G, Zhao Y, Johnston WF, Sherman NE, Rissman EF, et al. Dietary phytoestrogens inhibit

experimental aneurysm formation in male mice. journal of surgical research. 2014; 188(1):326–38.

https://doi.org/10.1016/j.jss.2013.11.1108 PMID: 24388399

46. Yang F, Xia N, Guo S, Zhang J, Liao Y, Tang T, et al. Propionate alleviates abdominal aortic aneurysm

by modulating colonic regulatory T-cell expansion and recirculation. Basic to Translational Science.

2022; 7(9):934–47.

47. Liu S, Huang T, Liu R, Cai H, Pan B, Liao M, et al. Spermidine Suppresses Development of Experimen-

tal Abdominal Aortic Aneurysms. J Am Heart Assoc. 2020; 9(8):e014757. https://doi.org/10.1161/

JAHA.119.014757 PMID: 32308093

48. Yan YW, Fan J, Bai SL, Hou WJ, Li X, Tong H. Zinc Prevents Abdominal Aortic Aneurysm Formation by

Induction of A20-Mediated Suppression of NF-κB Pathway. PLoS One. 2016; 11(2):e0148536.

49. Gopinath B, Buyken AE, Flood VM, Empson M, Rochtchina E, Mitchell P. Consumption of polyunsatu-

rated fatty acids, fish, and nuts and risk of inflammatory disease mortality. The American journal of clini-

cal nutrition. 2011; 93(5):1073–9. https://doi.org/10.3945/ajcn.110.009977 PMID: 21411616

50. Ishikawa S, Takahashi T, Sakata K, Suzuki M, Kano M, Kawashima O, et al. Abdominal aortic dilatation

in Japanese residents. International Journal of Angiology. 1999; 8:27–8. https://doi.org/10.1007/

BF01616838 PMID: 9826403

51. Givens DI, Gibbs RA. Current intakes of EPA and DHA in European populations and the potential of ani-

mal-derived foods to increase them: Symposium on ‘How can the n-3 content of the diet be improved?’.

Proceedings of the Nutrition Society. 2008; 67(3):273–80.

52. Li K, Huang T, Zheng J, Wu K, Li D. Effect of marine-derived n-3 polyunsaturated fatty acids on C-reac-

tive protein, interleukin 6 and tumor necrosis factor α: a meta-analysis. PloS one. 2014; 9(2):e88103.

53. Murakami K, Sasaki S, Takahashi Y, Uenishi K, Yamasaki M, Hayabuchi H, et al. Total n-3 polyunsatu-

rated fatty acid intake is inversely associated with serum C-reactive protein in young Japanese women.

Nutrition research. 2008; 28(5):309–14. https://doi.org/10.1016/j.nutres.2008.03.008 PMID: 19083425

54. Golledge J, Van Bockxmeer F, Jamrozik K, McCann M, Norman PE. Association between serum lipo-

proteins and abdominal aortic aneurysm. The American journal of cardiology. 2010; 105(10):1480–4.

https://doi.org/10.1016/j.amjcard.2009.12.076 PMID: 20451699

55. Harris WS. n-3 fatty acids and serum lipoproteins: human studies. The American journal of clinical nutri-

tion. 1997; 65(5):1645–54. https://doi.org/10.1093/ajcn/65.5.1645S PMID: 9129504

56. Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G. Vitamin D: Metabolism, Molecular

Mechanism of Action, and Pleiotropic Effects. Physiol Rev. 2016; 96(1):365–408. https://doi.org/10.

1152/physrev.00014.2015 PMID: 26681795

57. Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari HA, Tworoger SS, Willett WC, et al. Plasma

25-hydroxyvitamin D levels and risk of incident hypertension. Hypertension. 2007; 49(5):1063–9.

https://doi.org/10.1161/HYPERTENSIONAHA.107.087288 PMID: 17372031

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 18 / 19

https://doi.org/10.1016/j.redox.2022.102521
http://www.ncbi.nlm.nih.gov/pubmed/36459715
https://doi.org/10.5603/FHC.a2022.0013
https://doi.org/10.5603/FHC.a2022.0013
http://www.ncbi.nlm.nih.gov/pubmed/35603572
https://doi.org/10.1111/j.1445-2197.2007.04052.x
http://www.ncbi.nlm.nih.gov/pubmed/17497968
https://doi.org/10.1159/000501313
https://doi.org/10.1159/000501313
http://www.ncbi.nlm.nih.gov/pubmed/31307051
https://doi.org/10.3390/biom13040603
https://doi.org/10.3390/biom13040603
http://www.ncbi.nlm.nih.gov/pubmed/37189351
https://doi.org/10.3390/biomedicines10020359
https://doi.org/10.3390/biomedicines10020359
http://www.ncbi.nlm.nih.gov/pubmed/35203568
https://doi.org/10.1016/j.atherosclerosis.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30170221
https://doi.org/10.1016/j.jss.2013.11.1108
http://www.ncbi.nlm.nih.gov/pubmed/24388399
https://doi.org/10.1161/JAHA.119.014757
https://doi.org/10.1161/JAHA.119.014757
http://www.ncbi.nlm.nih.gov/pubmed/32308093
https://doi.org/10.3945/ajcn.110.009977
http://www.ncbi.nlm.nih.gov/pubmed/21411616
https://doi.org/10.1007/BF01616838
https://doi.org/10.1007/BF01616838
http://www.ncbi.nlm.nih.gov/pubmed/9826403
https://doi.org/10.1016/j.nutres.2008.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19083425
https://doi.org/10.1016/j.amjcard.2009.12.076
http://www.ncbi.nlm.nih.gov/pubmed/20451699
https://doi.org/10.1093/ajcn/65.5.1645S
http://www.ncbi.nlm.nih.gov/pubmed/9129504
https://doi.org/10.1152/physrev.00014.2015
https://doi.org/10.1152/physrev.00014.2015
http://www.ncbi.nlm.nih.gov/pubmed/26681795
https://doi.org/10.1161/HYPERTENSIONAHA.107.087288
http://www.ncbi.nlm.nih.gov/pubmed/17372031
https://doi.org/10.1371/journal.pone.0305265


58. Yin K, Agrawal DK. Vitamin D and inflammatory diseases. J Inflamm Res. 2014; 7:69–87. https://doi.

org/10.2147/JIR.S63898 PMID: 24971027

59. Chin K, Appel LJ, Michos ED. Vitamin D, Calcium, and Cardiovascular Disease: A"D"vantageous or

"D"etrimental? An Era of Uncertainty. Curr Atheroscler Rep. 2017; 19(1):5. https://doi.org/10.1007/

s11883-017-0637-2 PMID: 28127710

60. Moran CS, McCann M, Karan M, Norman P, Ketheesan N, Golledge J. Association of osteoprotegerin

with human abdominal aortic aneurysm progression. Circulation. 2005; 111(23):3119–25. https://doi.

org/10.1161/CIRCULATIONAHA.104.464727 PMID: 15939823

61. Krishna SM, Seto SW, Jose RJ, Li J, Morton SK, Biros E, et al. Wnt Signaling Pathway Inhibitor Scleros-

tin Inhibits Angiotensin II-Induced Aortic Aneurysm and Atherosclerosis. Arterioscler Thromb Vasc Biol.

2017; 37(3):553–66. https://doi.org/10.1161/ATVBAHA.116.308723 PMID: 28062506

62. Wijenayaka AR, Yang D, Prideaux M, Ito N, Kogawa M, Anderson PH, et al. 1α,25-dihydroxyvitamin D3

stimulates human SOST gene expression and sclerostin secretion. Mol Cell Endocrinol. 2015;

413:157–67.

63. Miller FJ Jr., Sharp WJ, Fang X, Oberley LW, Oberley TD, et al. Oxidative stress in human abdominal

aortic aneurysms: a potential mediator of aneurysmal remodeling. Arterioscler Thromb Vasc Biol. 2002;

22(4):560–5. https://doi.org/10.1161/01.atv.0000013778.72404.30 PMID: 11950691

64. Dubick MA, Keen CL, DiSilvestro RA, Eskelson CD, Ireton J, Hunter GC. Antioxidant enzyme activity in

human abdominal aortic aneurysmal and occlusive disease. Proc Soc Exp Biol Med. 1999; 220(1):39–

45. https://doi.org/10.1046/j.1525-1373.1999.d01-6.x PMID: 9893167

65. Sakalihasan N, Pincemail J, Defraigne JO, Nusgens B, Lapiere C, Limet R. Decrease of plasma vitamin

E (alpha-tocopherol) levels in patients with abdominal aortic aneurysm. Ann N Y Acad Sci. 1996;

800:278–82. https://doi.org/10.1111/j.1749-6632.1996.tb33332.x PMID: 8959014

66. Brophy CM, Reilly JM, Smith GJ, Tilson MD. The role of inflammation in nonspecific abdominal aortic

aneurysm disease. Ann Vasc Surg. 1991; 5(3):229–33. https://doi.org/10.1007/BF02329378 PMID:

2064915

67. Shah PK. Inflammation, metalloproteinases, and increased proteolysis: an emerging pathophysiological

paradigm in aortic aneurysm. Circulation. 1997; 96(7):2115–7. https://doi.org/10.1161/01.cir.96.7.2115

PMID: 9337176

68. Nakahashi TK, Hoshina K, Tsao PS, Sho E, Sho M, Karwowski JK, et al. Flow loading induces macro-

phage antioxidative gene expression in experimental aneurysms. Arterioscler Thromb Vasc Biol. 2002;

22(12):2017–22. https://doi.org/10.1161/01.atv.0000042082.38014.ea PMID: 12482828

69. Shimizu K, Mitchell RN, Libby P. Inflammation and cellular immune responses in abdominal aortic aneu-

rysms. Arterioscler Thromb Vasc Biol. 2006; 26(5):987–94. https://doi.org/10.1161/01.ATV.

0000214999.12921.4f PMID: 16497993

70. Moroz P, Le MT, Norman PE. Homocysteine and abdominal aortic aneurysms. ANZ J Surg. 2007; 77

(5):329–32. https://doi.org/10.1111/j.1445-2197.2007.04052.x PMID: 17497968

71. Wiernicki I, Millo B, Safranow K, Gorecka-Szyld B, Gutowski P. MMP-9, homocysteine and CRP circu-

lating levels are associated with intraluminal thrombus thickness of abdominal aortic aneurysms: new

implication of the old biomarkers. Dis Markers. 2011; 31(2):67–74. https://doi.org/10.3233/DMA-2011-

0799 PMID: 21897000

72. Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler B, et al. Hyperhomocysteinemia: an

independent risk factor for vascular disease. N Engl J Med. 1991; 324(17):1149–55. https://doi.org/10.

1056/NEJM199104253241701 PMID: 2011158

73. Spark JI, Laws P, Fitridge R. The incidence of hyperhomocysteinaemia in vascular patients. Eur J Vasc

Endovasc Surg. 2003; 26(5):558–61. https://doi.org/10.1016/s1078-5884(03)00381-2 PMID: 14532886

74. Haj Mouhamed D, Ezzaher A, Neffati F, Douki W, Najjar MF. Effect of cigarette smoking on plasma

homocysteine concentrations. Clin Chem Lab Med. 2011; 49(3):479–83. https://doi.org/10.1515/

CCLM.2011.062 PMID: 21143017

PLOS ONE Exploring the impact of dietary supplements on abdominal aortic aneurysm progression- A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0305265 June 26, 2024 19 / 19

https://doi.org/10.2147/JIR.S63898
https://doi.org/10.2147/JIR.S63898
http://www.ncbi.nlm.nih.gov/pubmed/24971027
https://doi.org/10.1007/s11883-017-0637-2
https://doi.org/10.1007/s11883-017-0637-2
http://www.ncbi.nlm.nih.gov/pubmed/28127710
https://doi.org/10.1161/CIRCULATIONAHA.104.464727
https://doi.org/10.1161/CIRCULATIONAHA.104.464727
http://www.ncbi.nlm.nih.gov/pubmed/15939823
https://doi.org/10.1161/ATVBAHA.116.308723
http://www.ncbi.nlm.nih.gov/pubmed/28062506
https://doi.org/10.1161/01.atv.0000013778.72404.30
http://www.ncbi.nlm.nih.gov/pubmed/11950691
https://doi.org/10.1046/j.1525-1373.1999.d01-6.x
http://www.ncbi.nlm.nih.gov/pubmed/9893167
https://doi.org/10.1111/j.1749-6632.1996.tb33332.x
http://www.ncbi.nlm.nih.gov/pubmed/8959014
https://doi.org/10.1007/BF02329378
http://www.ncbi.nlm.nih.gov/pubmed/2064915
https://doi.org/10.1161/01.cir.96.7.2115
http://www.ncbi.nlm.nih.gov/pubmed/9337176
https://doi.org/10.1161/01.atv.0000042082.38014.ea
http://www.ncbi.nlm.nih.gov/pubmed/12482828
https://doi.org/10.1161/01.ATV.0000214999.12921.4f
https://doi.org/10.1161/01.ATV.0000214999.12921.4f
http://www.ncbi.nlm.nih.gov/pubmed/16497993
https://doi.org/10.1111/j.1445-2197.2007.04052.x
http://www.ncbi.nlm.nih.gov/pubmed/17497968
https://doi.org/10.3233/DMA-2011-0799
https://doi.org/10.3233/DMA-2011-0799
http://www.ncbi.nlm.nih.gov/pubmed/21897000
https://doi.org/10.1056/NEJM199104253241701
https://doi.org/10.1056/NEJM199104253241701
http://www.ncbi.nlm.nih.gov/pubmed/2011158
https://doi.org/10.1016/s1078-5884%2803%2900381-2
http://www.ncbi.nlm.nih.gov/pubmed/14532886
https://doi.org/10.1515/CCLM.2011.062
https://doi.org/10.1515/CCLM.2011.062
http://www.ncbi.nlm.nih.gov/pubmed/21143017
https://doi.org/10.1371/journal.pone.0305265

