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Purpose: To review the association between central obesity and abdominal aortic
aneurysm (AAA).

Materials and methods: The PubMed, Web of Sciences, Embase, The China national
knowledge infrastructure (CNKI), and Cochrane Library were searched up to April
30, 2022. Researches includes investigation of the relationship between central
obesity markers and AAA. Included studies must use recognized measures of
central obesity, i.e., waist circumference (WC) and waist-to-hip ratio (WHR), or
use imaging techniques to calculate abdominal fat distribution, such as computed
tomography (CT) imaging.

Results: Eleven clinical researches were identified of which eight discussed the
association between physical examination and AAA, and three studies mainly focused
on abdominal fat volume (AFV). Seven researches concluded that there was a positive
correlation between markers of central obesity and AAA. Three studies found no
significant link between markers of central obesity and AAA. One of the remaining
studies reported different results for each sex. Three studies pooled in a meta-
analysis identified correlation between central obesity and AAA presence (RR = 1.29;
95% confidence interval, 1.14-1.46).

Conclusion: Central obesity plays a role in the risk of AAA. Standardized central
obesity markers may be predictors of AAA. However, there was no association
between abdominal fat volume and AAA. Additional relevant evidence and specific
mechanisms warrant further study.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_
record.php?IDCRD42022332519, identifier CRD42022332519.
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1. Introduction

Abdominal aortic aneurysm (AAA), a pathological dilatation
that exceeds 1.5 times the diameter of the normal aorta, with
a high mortality rate when vascular rupture occurs. Risk factors
for abdominal aortic aneurysm include hypertension, being male,
smoking, coronary artery disease, having a family history of
abdominal aortic aneurysm, being peripheral arterial disease and
older than 65 years (1). AAA rupture is associated with the excessive
accumulation of fat cells in the arterial wall (2). These adipocytes are
derived from perivascular adipose tissue (PVAT), a special adipose
tissue reservoir distributed around the blood vessels and has been
closely linked with AAA progression (3). PVAT impairs inflammation
and AAA formation in animals (4). In addition, the infiltration of
PVAT by macrophages and the production of some cytokines increase
the formation of AAA (4). Visceral adiposity has larger biological
significance for cardiovascular disease than fat from other parts of
the body (5), and is also strongly associated with cardiometabolic risk
(6). Over the past 40 years, the number of central obesity Chinese
men and women has increased (7). Obesity can be divided into three
types: general, central, and visceral. Body mass index (BMI) has been
used as an indicator of obesity in many studies investigating the
association between obesity and AAA, but it is not a good proxy
for abdominal fat, whereas waist circumference (WC) and waist-
to-hip ratios (WHR) are indices of intra-abdominal fat mass. WC
can substantially improve the estimation of and corresponds well to
visceral adipose tissue (VAT) (8, 9). PVAT is related to WC, WHR,
and abdominal fat volume (AFV) (10).

Visceral adipose tissue (VAT) includes visceral and subcutaneous
fat. Despite patients being exposed to radiation, computed
tomography (CT) is a precise measure that can quantify
subcutaneous and visceral fat separately (11). Central obesity
refers to an imbalance between a high-energy diet and low physical
activity, resulting in the accumulation of abdominal fat. Abdominal
fat can secretes inflammatory cytokines and the adjacent action of
PVAT can lead to abdominal aortic disease (12). Thus, this study
hypothesizes that visceral obesity plays a more prominent role in
the formation of AAA, and aimed to review the precise association
between AAA and central obesity by considering central obesity
represented by WC, WHR, and abdominal fat volume (AFV)
as measurement indices, including the possible rationale for the
occurrence of AAA due to obesity.

2. Materials and methods

2.1. Protocol

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. This
study focused on studies that exploring the association between
markers of AAA presence and central obesity (PROSPERO
CRD42022332519).

2.2. Search strategy

Systematic literature searches were performed using PubMed,
Web of Sciences, Embase, CNKI, and the Cochrane Library up to
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April 30, 2022. The PubMed was searched using the following terms:
[“obesity” OR “waist circumference (WC)” OR “waist-to-hip ratio
(WHR)” OR “body mass index” OR “body adipose distribution”]
AND (“aortic aneurysm,” “abdominal”). We retrieved the Cochrane
Library, and CNKI found no filters available. One author developed
the search strategy making any necessary modifications to the search
terms. Furthermore, search the reference list in the relevant results to
increase the number of valid documents.

2.3. Eligibility requirements

The eligible studies should use a recognized symbol of central
obesity, namely WHR,WC, waist-to-height ratio, or utilize medical
imaging tools to quantify AFV. No restrictions were added to the type
of publications included or to the study size. No language limitations
were applied. The detection method of AAA in the target study is
reliable. Researches were rejected if AAA was not well-defined or
pertinent results of markers of central obesity were not reported
(Table 1).

2.4. Data abstraction

For the final obtained studies, two authors independently
took data. Data extracted from qualified Publications included
AAA presence, central obesity assessment measure, study design,
country, population, age, sex, hypertension, smoking history, diabetes
mellitus, imaging method, time-interval for follow-up (if reported),
type of statistical analysis, odds ratio (OR), P value, 95% confidence
interval (95% CI) and author’s findings, multivariate or univariate
analysis results. Finally, the disagreement was resolved through a
discussion between authors.

2.5. Quality assessment

ROBINS-I (a tool for assessing the risk of bias in non-
randomized studies) (13) was used to assess the performance

TABLE 1 Central obesity definitions were used in each study.

References Markers of The nature of the
central obesity evaluation method
Lederle et al., (22) WC Subjective (Participant reported)

Jamrozik et al., (23) WHR Subjective (Participant reported)

Lederle et al., (24) wC Subjective (Participant reported)

Singh et al,, (25) WHR Subjective (Participant reported)

Golledge et al., (18) WHR, WC Objective (Assessor measured)

Stackelberg et al., (19) | WC Subjective (Participant reported)
Fattahi et al., (20) wC Objective (Assessor measured)

Stackelberg et al., (21) | WC Subjective (Participant reported)

Apoloni et al., (29) AC, AFV Objective (CT)
Dias-Neto et al., (30) | AFV Objective (CT)
Cronin et al., (31) AFV Objective (CT)

WHR, waist-to-hip ratio; WC, waist circumference; AFV, abdominal fat volume; CT, computed
tomography; AC, abdominal circumference.
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Studies identified through Web of
Science (n=464), Pubmed (n=471),
and Embase (n=14)
Records excluded (n =424 )

Records after duplicates removed Reason: Failure toarf]c:jcxin central obesity

o =438) - E.g. 43 studies reported peri-operative

outcomes for AAA repair in obese patients
Abstracts screened Records excluded (n = 28)
(n=74) Reason: Failure to define measure of obesity
Full-text studies Full-text studies excluded (n = 32)
assessed for eligibility > Reason: Failure to define measure of

(n = 46) abdominal adiposity
Studies meeting the eligible criteria e Did not report on outcomes of interest

(n=14) o (n=3)

\/
Studies included in the systematic
review
(n=11)
FIGURE 1

Flow diagram to illustrate the trials identified for this review.

and heterogeneity of the included researches. This tool has seven
indicators, the first two domains evaluate confusion and selection
of study participants, and the third domain is the classification
of the intervention. The other four domains assess problems
after intervention initiation, including missing data, bias due to
differences from the intended intervention, choice of reported
outcomes and outcome measures (13). We considered “central
obesity” as an exposure. The purpose of this study was to
provide overall quality assessment results. The results of each
assessment were compared between authors, and divergences were
resolved by negotiation.

2.6. Statistical analysis

Stata 14.0 software (version 14.0) was used for data analysis.
Statistical heterogeneity was evaluated using I? statistic tests and
Cochran’s Q. When significant heterogeneity (PQ > 0.10, I > 50%)
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was calculated to obtain, the random-effects model was carried out.
We performed sensitivity analyses (omitting one study at a time) to
assess the stability of the results.

3. Results

3.1. Search results

At first, a total of 949 published studies were identified,
including 464 studies found on the Web of Science and 471
from PubMed; Embase retrieved 14 studies, which were excluded
(Figure 1). One meta-analysis, focusing on the relationship between
BMI and the existence of AAA (14). Duplicate studies were
removed and 498 independent publications were included, all
identified publications were written in English. A total of 424
studies were excluded due to failure to focus on AAA and content
discrepancies such as a focus on perioperative outcomes in obese
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patients with AAA. Of the 74 studies that evaluated abstracts,
28 were excluded because they failed to define obesity measures.
A full-text review of the literature was then conducted and 36 of
these were excluded. Twenty studies were excluded because they
failed to define a measure of abdominal obesity. Three studies
were excluded because they investigated the association between
markers of central obesity and aortic dimensions; AAA was not
well-defined (15-17). Finally, 11 studies were selected of which
eight discussed the association between physical examination (WC
or WHR) and AAA, and three studies mainly focused on AFV
(Figure 1).

3.2. Characteristics of included studies

The eight studies focused on the relationship between physical
examination findings and AAA presence had sample sizes ranging
from 5,000 to 80,000 subjects (12203, 63655, 5817, 14249, 52745,
11745, 73451, 6386) (18-25). Four study groups included only
men (18, 20, 21, 23), and the rest included both men and women
(19, 22, 24, 25). Six studies with asymptomatic subjects from the
community; the rest two study populations were from Americas
medical institutions, and there was an inclusive relationship between
them (22, 24). Three studies were conducted in Sweden (19-21),
two in Australia (18, 23), and one in Norway (25). Two studies
(19, 21) were based on the cohort of Swedish men (COSM)
(26), for which the leading author was the same for both studies
(Tables 2, 3).

The biggest difference between studies was the variation in
the definition and measurement of obesity (Table 3). Combined
analysis is difficult to perform as some studies used classified variables
to define obesity, whereas others used continuous variables. Two
studies obtained WC or WHR by assessor measurements, and
the remaining six studies by participant reports (18, 20, 22-25).
Three studies grouped WC and WHR according to the World
Health Organization classification (19, 21, 27). However, their
grouping was not entirely standardized. Commonly used markers
of central obesity are WC > 88 cm in women and > 102 cm
in men; and WHR > 0.8 in women and > 1.0 in men
(28).

Three studies mainly focused on AFV. Their sample sizes
ranged from 200 to 500 subjects (448, 237, 377) (29-31). The
patients in these studies were from medical institutions, such
as vascular clinics. These studies were conducted in Brazil (29),
Portugal (30), and Australia (31) respectively. There was a marked
variation in the AFV (Table 3). Apoloni et al. (29) positioned
CT images of abdominal obesity at the level of the third and
fourth lumbar vertebrae, obtaining visceral fat area, subcutaneous
fat area (SFA), visceral/subcutaneous ratio and WC, as validated
by Irlbeck et al. (32). Dias-neto et al. (30) studied subcutaneous
and visceral adipose tissue in a designated CT slice (the axial
slice was 60 mm cranial to the L4/L5 intervertebral disk), as
shown by Demerath et al. (33). Moreover, measurements [region of
interest (ROI) at each level is a 10-mm area surrounding the outer
contour of the aorta] were performed using the method detailed
by Schlett et al. (10). In the study of Cronin et al. (31), through
axial CTA images processing, the subcutaneous adipose volume,
total adipose volume and visceral-to-AFV ratio can be obtained
(Table 3). Apoloni et al. also used WC as a measurement Method of
central obesity (29).
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3.3. Research quality

Six studies (18, 20-22, 24, 25) were judged to be at a moderate
risk of bias due to confounding factors. Five studies (19-22, 24)
were at moderate risk of bias as missing data. One study excluded
women because of the low prevalence of AAA, and this study was
judged to have moderate selection bias (23). All remaining parts of
the study were judged to be at low risk of bias (Table 4). In addition,
heterogeneity arises from differences in central obesity markers.

3.4. The association between central
obesity markers with AAA presence

The positive association between central obesity and the presence
of AAA was studied in seven (Table 3; 18-20, 22-25), when
confounding factors were considered, five of the studies were at
moderate risk. In an updated study by Lederle et al. (22), a combined
group indicated that AAA of at least 4.0 cm was significantly
associated for every 11 cm WC increase (OR, 1.16; 95% CI, 1.07-
1.27). Both studies found that WHR was positively related to the
risk of AAA (23, 25). In a study by Golledge et al. (18) when WC
was used as a measure of obesity, a total of 4,714 men (39%) had
obesity at the start and a total of 386 had AAA (OR, 1.28; 95% CI,
1.11-1.47). In addition, every 0.1 WHR (OR, 1.22; 95% CI, 1.09-1.37)
and every 10 cm WC (OR, 1.14; 95% CI, 1.06-1.22) were positively
associated with AAA, and this association was more significant for
larger AAA (18). An observational cohort study was conducted by
Stackelberg et al. (19). Data were obtained from two large cohorts
(Swedish Mammography Cohort and Swedish Male Cohort) of
63,655 individuals between the ages of 46-84 years. Multivariate
analysis showed that those with increased waist circumference had
a 30% higher risk of developing AAA than those without (RR 1.30,
95% CI, 1.05-1.60) (19). Meanwhile, the risk of AAA increased with
increasing WC (RR 1.15, 95% CI, 1.05-1.26) until > 100 cm in
men and > 88 cm in women (19). Fattahi et al. conducted a point
prevalence study (20), aortic ultrasound results of 5,817 men aged
50 years were compared with the same population 15 years later.
In univariate regression analysis, waist circumference was associated
with AAA (HR, 1.031; CI, 1.014-1.048; P < 0.001). Furthermore,
multivariate analysis showed that rising WC was also link with the
AAA development [hazard ratio (HR), 1.019; 95% CI, 1.002-1.037;
P < 0.007] (20).

Three studies did not consider an association between AAA and
central obesity (21, 30, 31). Stackelberg et al. reported a higher WC
in participants with an AAA than in those without an AAA, but
the results were not statistically significant (Table 3; 21). In a case-
control investigation by Cronin et al. (31), the visceral-to-AFV ratio
was not statistically associated with AAA after adjusting for other risk
factors. Specifically, patients with a visceral-to-AFV ratio in quartile
had a nearly twofold increased risk of AAA, but the confidence
interval crosses 1 (95% CI 0.71-3.70; P = 0.248) (31). Dias-Neto
et al. (30) conducted a multicenter retrospective case-control study,
patients with AAA had a higher rate of visceral obesity compared to
controls. However, this association disappeared in the multivariate
analysis (Table 3). They found that patients showed higher PVAT
density in CT region 2 (slice of maximal aortic diameter) than in
CT Region 1 (uppermost slice of infrarenal aorta) (mean difference
7.97,95% CI 3.31-12.63; P = 0.001). In addition, the presence of AAA
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TABLE 2 Summary of studies assessing the association of central obesity with abdominal aortic aneurysm (AAA) presence.

References Subject groups (n) Male n (%) Mean age (years) | Ever smoked n (%) | Hypertension n (%)

WHR or WC reporting studies

Lederle et al., (22) No AAA (50215) 51374 (97.4) 65.6 £ 8.0 38979 (73.9) 27744 (52.6)
AAA (2530)

Jamrozik et al., (23) No AAA (10872) 10872 (100) 65-69* 7589 (69.8) 4251 (39.1)
AAA (873) 873 (100) 70-74% 756 (86.6) 434 (49.7)

Lederle et al., (24) No AAA (70085) 71394 (97.2) 66.2£7.1 55456 (75.5) 40472 (55.1)
AAA (3366)

Singh et al,, (25) No AAA (6049) 2699 (44.6) Men: 60.8 & 10.0 1320 (48.9) 470 (17.4)

Women: 61.2 4 10.2 871 (26.0) 603 (18.0)
AAA (337) 263 (78.0) Men: 66.4 % 6.1 110 (41.8) 77 (29.1)
Women: 69.4 & 5.4 13 (17.4) 27 (36.8)

Golledge et al., (18) No AAA (11328) 11328 (100) 7244 7880 (70) 4823 (43)
AAA (875) 875 (100) 74+ 4 758 (87) 488 (56)

Stackelberg et al., (19) No AAA (63058) 33504 (53.1)
AAA (597) 492 (82.4)

Fattahi et al., (20) NO AAA (5664) 5664 (100) 50.1 4 0.4 3635 (65.2)° 134.0 £ 16.9
AAA (153) 153 (100) 50.1£0.5 140 (91.5) 136.7 + 15.9¢

Stackelberg et al., (21) NO AAA (14081) 14081 (100) 553+4.2 (1.8)¢ (4.6)
AAA (168) 168 (100) 56.7 + 4.3 (64.9)4 (6.3)

Apoloni et al., (29) NO AAA (180) (49.4) 65+7
AAA (268) (79.2) 69+8

Dias-neto et al., (30) NO AAA (97) 50 (51.5) 64.26 £ 11.36 56 (60.2)°
AAA (140) 113 (80.7) 71.57 + 821 104 (79.4)°

Cronin et al., (31) NO AAA (181) 125 (69) 66° 146 (81) 131 (72)
AAA (196) 157 (80) 73¢ 172 (88) 156 (80)

*The age group with the highest percentage.
bThe study exists missing data.

“Mean systolic blood pressure (mmHg).
dCurrent smokers %.

¢Standard deviation was not reported.

increased intraindividual PVAT differences by 13.2 units (CT values)
(Table 3), the difference between the average PVAT in region 2 minus
the average PVAT in region 1 is equal to the intra-individual PVAT
differences.

A cross-sectional study was conducted by Apoloni et al. (29).
Among males, AAA patients were similar to controls in terms of
obesity. The difference in experience is surprising: in 339 men with
AAA, there was a negative association between VAT and aortic
diameter. Unlike the control group, the AAA group had older women
and also observed lower WC and SFA.

3.5. Meta-analysis and sensitivity analysis

Three studies grouped obesity indicators based on central obesity
criteria (19, 21, 23). One study regrouped people according to the
degree of central obesity, and the two groups came to different
conclusions (19). In this study, a cumulative meta-analysis of research
themes was conducted. We used a fixed-effect model (12 = 0.0%,
P =0.432), and pooled RRs to identify a correlation between central
obesity and AAA in the present meta-analysis (RR = 1.29; 95% CI,
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1.14-1.46; Figure 2). A sensitivity analysis was achieved by excluding
individual studies at a time to test the effect of individual data on
the pooled RRs, and the results showed that no individual study belly
reversed the rest of the study (Table 5).

4. Discussion

This systematic evaluation found that the included studies
reported a positive association of WC or WHR with AAA and
showed that AFV was not associated with AAA present. In the
quantitative analysis, we considered obesity as a risk factor for AAA.
However, confounding factors existed in most studies, with some
collinearity effects. In all studies, obese patients were more likely
to have comorbidities and higher detection rates of AAA. This
may have exaggerated the association between obesity and AAA.
Surprisingly, two studies based on COSM with the same author (19,
21). Reported conflicting results. In the former, the bigger sample
size gives more confidence that the sample is representative (19). The
latter was published 4 years later and used statistical methods that
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TABLE 3 Summary of studies assessing the association of central obesity with abdominal aortic aneurysm (AAA) presence.

References

Country | Population | Markers of central
obesity

OR (95% ClI) (multivariable)

(univariate)
WHR or WC reporting studies
Lederle et al,, (22) America Hospital WC per 11 cm OR not reported AAA of 3.0 to 3.9 cm vs. Normal: 1.02
(0.92-1.13)
AAA of at least 4.0 cm vs. Normal: 1.19
(1.03-1.38)
Jamrozik et al., (23) Australia Community WHR > 0.9 OR not reported 1.4 (1.2-1.8)*
Lederle et al,, (24) America Hospital WC per 11 cm OR not reported AAA of 3.0 to 3.9 cm vs. Normal: 1.06
(0.98-1.14)
AAA of at least 4.0 cm vs. Normal: 1.15
(1.03-1.29)
Singh et al,, (25) Norway Community WHR per 0.1 OR not reported Men: 1.12 (0.86-1.44)
Women: 1.48 (1.04-2.10)*
Golledge et al., (18) Australia Community WHR per 0.1 OR not reported 1.22 (1.09-1.37)*
WC per 10 cm® OR not reported 1.14 (1.06-1.22)*
Stackelberg et al., (19) Sweden Community WC:94-101.9 cm OR not reported 1-30 (1-05, 1-60)¢
WC > 102 cm OR not reported 1-26 (097, 1-62)¢
Fattahi et al., (20) Sweden Community WCcm 1.031 (1.014-1.048)*4 1.019 (1.002-1.037)*¢
Stackelberg et al., (21) Sweden Community WC=>94cm 1.40 (0.98-2.00)4 0.94 (0.61-1.44)¢
AFV reporting studies
Apoloni et al., (29) Brazil Hospital wcC OR not reported OR not reported
AFV OR not reported OR not reported
Dias-neto et al., (30) Portugal Hospital VAT/SAT ratio 0.254 (0.100)*F —0.035(0.147)8
PVAT density —2.434 (4.301)f 2.605 (9.630)8
Intra-individual PVAT differences | 12.869 (3.645)* 13.051 (4.625)*¢
Cronin et al., (31) Australia Hospital Visceral to total abdominal OR not reported 1.625 (0.713-3.703)"
adipose volume ratio

*P-value is less than 0.05 (P-values were not reported in some studies).

2 Age-adjusted Odds ratio.

b Approximately 1 SD.

“Multivariable adjusted relative risk.

dUnivariate HR (95% CI).

€Multivariate HR (95% CI).

fUnadjusted p(standard error, SE), B regression.

8Risk factors and cardiovascular diseases adjusted B(standard error, SE), B regression.
hOR of adipose volume ratio Quartile 4 vs. Quartile 1.

took time into account. Commonly used markers of central obesity
are WC > 88 cm in women and > 102 cm in men; and WHR > 0.8
in women and > 1.0 in men (28). The WC grouping of the two
studies may have diluted the association between WC and AAA.
Questionnaire recovery was used as the WC collection method in
these two studies.

Dias-Neto et al. and colleagues (30) considered the existence
of AAA as an independent determinant of higher PVAT density in
the aneurysmal sac and less significantly in the aneurysmal neck.
They also found that intraindividual PVAT differences were positively
correlated with aneurysmal sac volume and suggested that the local
mechanism of action of PVAT promotes AAA pathophysiology.
Further studies with larger sample sizes are required to establish
this link. In contrast, Apoloni et al. (29) demonstrated a negative
correlation between VAT and abdominal aortic diameter in men.
However, further research is required to confirm this. Artificial
intelligence is an attractive decision-making tool, and its research
on AAA has received increasing attention (34). Its methodology can
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take into account a large number of features that are not limited to
the volume of fat, but will also include the morphology of the fat
tissue, the texture of the fat tissue, etc., (11). In the future, artificial
intelligence methods based on imaging data may be required to
investigate regional fat density and to further study the relationship
between obesity and AAA.

Measurements followed the standards of International Society for
the Advancement of Kinanthropometry (35). In this study by Fattahi
et al,, participants were clinically examined by primary care nurses
who recorded their WC (20). This standardized approach to data
collection provided confidence in the accuracy of the measurements.

Three studies employed CT, but used different criteria for the
quantitative analysis of abdominal fat (29-31). As mentioned above,
we hypothesize that a relationship between central obesity and AAA
is probable. However, the relationship between central obesity and
AAA should be determined in further studies using normalized AFV,

and threshold ranges defined from adipose tissue. In addition, the
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TABLE 4 Risk of bias assessment for observational studies (Robins-I tool).

10.3389/fcvm.2023.1044560

References Confounding | Selection | Measurement of | Deviations Missing Measurement | Selection of
interventions from intended | data of outcomes | the reported
interventions result
Lederle et al., (22) moderate low low low moderate low low
Jamrozik et al., (23) low moderate low low low low low
Lederle et al., (24) moderate low low low moderate low low
Singh et al., (25) moderate low low low low low low
Golledg et al., (18) moderate low low low low low low
Stackelberg et al., (19) | low low low low moderate low low
Fattahi et al., (20) moderate low low low moderate low low
Stackelberg et al,, (21) | moderate low low low moderate low low
Apoloni et al., (29) low low low low low low low
Dias-neto et al., (30) | low low low low low low low
Cronin et al., (31) low low low low low low low
%

study (group) Cases RR (95% CI) Weight

Stackelberg 2013 (WC:94-101.9 cm) 223 _-‘b_ 1.30 (1.05, 1.60) 33.40

Stackelberg 2013 (WC=2102 cm) 187 ——-0-;— 1.26 (0.97, 1.62) 2253

1

Stackelberg 2017 (WC=94 cm) 168 : 0.94 (0.61, 1.44) 8.03

Jamrozik 2000 (WHR>>0.9) 875 —E—--— 1.40 (1.20, 1.80) 36.04

Overall, DL (I = 0.0%, p = 0.432) <> 1.29 (1.14, 1.46) 100.00

T T

FIGURE 2

of the Cochrane Q statistic. RR, relative risk; Cl, confidence interval.

Forest plot showing adjusted estimates (RR) and 95% Cls for the association between central obesity and abdominal aortic aneurysm presence in
case-control and cohort studies using a random effects model. Gray squares and horizontal lines represent study-specific estimates and 95% CI. The
size of the square indicates the study weight. Diamonds are pooled estimates (center) and 95% confidence intervals (width) using a random effects
analysis. /2, estimate for the proportion of variability between studies that is due to inter-study heterogeneity; P-value was calculated by Chi-square test

TABLE 5 Sensitivity analysis about central obesity and abdominal aortic
aneurysm presence of the meta-analysis.

Stackelberg et al., (19) 1.29 1.11-1.49 27.1% 0.254
Stackelberg et al., (19) 1.30 1.13-1.49 26.0% 0.259
Stackelberg et al., (21) 1.33 1.17-1.51 0.0% 0.794
Jamrozik et al., (23) 1.23 1.06-1.44 0.0% 0.406

development of CT technology will enhance research related to the
assessment or quantification of perivascular adipose tissue.

Larger individuals may naturally have larger aortic diameters.
Moreover, in one of the excluded studies, found that increased
sagittal abdominal diameter did not increase the incidence of AAA
(36). Other possible explanations are that visceral obesity is not
a risk factor for AAA progression, but rather a phenotype that
represents an imbalance in energy intake. In this perspective, the
drivers of AAA may be overeating and less exercise, which can lead to
abdominal obesity. Furthermore, there is a potential role for different
management of patients depending on their BML

Nordkvist et al. showed that a high intake of vegetables and fruits
decreases the risk of incident AAA (37). High-fat diets, smoking,

Frontiers in Cardiovascular Medicine

and pollution are responsible for the development of adipose
tissue into a reservoir of lipophilic toxic compounds (38). This is
important because organic pollutants are lipophilic, bioaccumulative
and persistent in the food chain. Human intake of high-fat foods
is the primary route of exposure to these toxic substances, which
also slowly accumulate in human fatty tissue. Animal studies have
shown that increased persistent organic pollutant concentrations
in visceral fat and perianeurysmal fat contribute to the incidence
and growth of AAA (39). Specifically, polychlorinated biphenyls
(PCBs) are a commercially produced environmental contaminant
to which humans are exposed through food, water, and inhalation.
PCBs are capable of increasing macrophage recruitment within the
epicardium of the abdominal aorta and enhancing AAA formation
(39). Systematic reviews of prospective studies have found that AAA
risk can be reduced by higher physical activity; however, further
studies are required to clarify the dose-response relationship between
different sub-types and AAA risk (40). One study showed that
patients who underwent bariatric surgery had restored vasodilatory
capacity in PVAT and reduced oxidative stress and perivascular
inflammation (41).

Previous studie have shown a negative association between
diabetes and AAA, and this is when the positive association
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between obesity and AAA becomes interesting (24). A large trial
screening for AAA found an inverse association between aortic
diameter and blood glucose in men without diabetes (42). Thus,
we hypothesize that insulin resistance, which is usually prevalent in
obese subjects, is unlikely to be the cause of the association between
obesity and AAA. Additionally, obese individuals may have enhanced
muscle strength, which is associated with better prognosis (43, 44).

All of these studies are influenced by many confounding factors
and are difficult to eliminate, such as undiagnosed chronic diseases,
smoking history. Despite the obesity paradox, current data do not
support an increase in AFV in patients with AAA. In addition to
energy storage, adipose tissue also influences glucose metabolism and
vascular biology (12).

5. Conclusion

The association between central obesity and AAA is positive,
there is some heterogeneity in this study regarding the different
definitions of central obesity, a more comprehensive exploration is
needed, and it will be necessary to use standard obesity measurement
methods to evaluate this relationship in the future. We hope
to identify the factors related to AAA and provide evidence
for AAA prevention.

Data availability statement
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