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The Influence of Diabetes on Degree of
Abdominal Aortic Aneurysm Tissue
Inflammation

Vassilis Arapoglou, MD, PhD1, Agathi Kondi-Pafiti, MD, PhD2,
Demetrios Rizos, PhD3, Eleni Carvounis, MD, PhD2,
Matrona Frangou-Plemenou, DSc, PhD2, Thomas Kotsis, MD, PhD1, and
Konstantinos Katsenis, MD, PhD1

Abstract
Abdominal aortic aneurysm (AAA) progression and disease resistance are related to transmural degenerative processes and an
inflammatory infiltration (INF). Diabetes is associated with low prevalence and growth rate of AAA. We sought to characterize
INF in established AAA (INFAAA), in diabetic patients. From 89 male patients aged 52 to 83 years, aneurysm specimens obtained
at open asymptomatic nonruptured AAA repair were graded for INF and immunostained using antibodies against T-lymphocytes
(CD3) and macrophages (CD68). Diabetic patients had an odds ratio (OR) 3.8, 95% confidence interval ([CI] 1.14-12.96), P¼ .03,
of experiencing above-median INFAAA. These associations were affected by serum glucose (SG) levels (OR 3.6, 95% CI [0.72-
18.77]; P¼ .1). Macrophage subpopulations higher in diabetic patients (1.44 + 0.78 versus 0.98 + 0.76; P¼ .02) were correlated
with SG (r¼ .21, P¼ .044). Abdominal aortic aneurysms in diabetic patients are associated with higher INF. Macrophage densities
are correlated with SG.
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Introduction

Aneurysmal degeneration is a common and frequently fatal

disease of the abdominal aorta. With the current computed

tomography (CT), morphologic parameters, such as maximum

aortic diameter >5.5 cm, aneurysm shape, abdominal aortic

aneurysm (AAA) expansion, computed wall stress, and 18F

fluorodeoxyglucose (FDG) positron emission tomography

(PET)/CT, the rupture risk can be determined.1 Studies have

assessed pathophysiological events currently thought to con-

tribute to aneurysmal degeneration, based on human end-

stage AAA tissues histology and several different experimental

animal models, gene expression, circulating markers, and pro-

tein abundance in patients and controls.2 The pathologic fea-

tures of human AAA, including mural inflammatory cell

infiltration, smooth muscle cell loss, and the destruction of

structural matrix proteins, elastin, and collagen, begin years

before rupture or elective repair.3 However, the combination

of a high-pressured vessel located deep in the body makes

repeated biopsies impossible in prospective cohorts and prog-

ress difficult. The chronic infiltration, mainly in the outer part

of the aorta, consists of the most part of macrophages, lympho-

cytes, and plasma cells. The dominant cells are T helper cell

type 2 (Th2) restricted CD3þ lymphocytes.4 Adventitial

macrophages and neocapillaries predominate in larger,

advanced aneurysms, whereas smaller AAAs have fewer

macrophages and retain more medial smooth muscle cells.5

Mononuclear phagocyte infiltration is associated with produc-

tion of proinflammatory cytokines, prostaglandin derivatives,

and reactive oxygen species as part of an innate inflammatory

response. These macrophages are the principle source of metal-

loproteinases (MMPs), which can also be secreted by neutro-

phils, lymphocytes, and resident mesenchymal cells.

Gelatinase B (MMP-9) and many other MMPs, endogenous tis-

sue inhibitors of MMPs (TIMPs), and the secretion of the

immunoregulatory cytokine interleukin 10 (IL-10) have also
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been described. Animal models of aortic aneurysm confirm

that MMPs produced by chronic inflammatory cells are media-

tors of elastin and collagen degradation. These processes result

in progressive dysfunction of aortic elastin and collagen, with

gradual aortic expansion and the potential for rupture.3,4

Genetic and developmental factors were involved in the natural

history of AAA, inflammation, dilatation, and terminal rup-

ture.6,7 Patients with large AAAs were found to have an ele-

vated inflammatory status compared to patients with small

AAAs.8,9 Abdominal aortic aneurysms were traditionally

attributed to atherosclerosis.10 Dominant atherosclerotic risk

factors for AAA, male gender, increasing age,11 and smoking12

were associated with increased AAA tissue inflammation in

humans. Hypercholesterolemia and hypertension, also known

as atherosclerotic risk factors for AAA, were contributed to

infiltration of cells into the adventitia in experimental

AAA.13,14 Diabetes is a primary risk factor for cardiovascular

disease,15 however, AAA is an exceptional expression of ather-

osclerotic disease in type 2 diabetes.16 A screening study of

older diabetic men found the prevalence of AAAs to be

2.3%, compared with a 7% in all men older than 65 years of

age. In other studies, diabetes has not proved to be a significant

independent risk factor for the progression of AAAs. It has also

shown that aortic diameter throughout its range has an inverse

relationship with fasting glucose concentration.17 Furthermore,

a large recent study demonstrated that the impact of diabetes on

AAA surgical patients was higher for intact AAA versus rup-

tured AAA and that the incidence of ruptured AAA in surgical

diabetic patients by gender was similar.18 The cause of the neg-

ative associations between diabetes and AAA is unknown. As

vascular inflammation is important in diabetes,19 it might be

expected that aortic inflammation would be more common in

diabetic patients with AAA.17 However, evidence for the role

of diabetes in total amount of inflammatory cells and inflam-

matory cell subpopulations in the AAA wall is lacking. We

investigated the influence of diabetes on the degree of tissue

inflammation and the predominant inflammatory cell subpopu-

lations in aneurysm specimens obtained at open asymptomatic

nonruptured end-stage AAA repair.

Methods

Our institutional review board allowed a retrospective exempt

review of patients’ database for this study and waived informed

consent. All Greek patients undergoing elective open repair of

an AAA between June 2002 and December 2007, in Vascular

Surgery Unit of Areteion Hospital, were retrospectively stud-

ied. Patients with symptomatic or ruptured AAA were

excluded. A total of 126 male and 4 female patients underwent

elective open repair. Mean diameter of AAAs, measured by CT

abdominal scan, in male patients was 5.5 cm. In female

patients, the mean diameter of AAAs was 4.9 cm. Full thick-

ness sections from the proximal anterolateral portion of the

aneurysm were available for histologic study in 89 male

patients at the time of aneurysm repair and at the discretion

of the surgeon. In 27 male and 4 female patients, tissue was not

obtained because of surgeon discretion.

Cross-sections of aneurysm wall were dissected of luminal

thrombus and peripheral tissue and immersed in 10% neutral

buffered formalin for 24 hours and then embedded in paraffin.

Aortic 5-mm cross-sections were mounted and stained with

hematoxylin and eosin for regular histology.

For immunohistochemistry, paraffin sections were baked at

58�C for 2 hours and dewaxed in xylene and rehydrated through

graded ethanol (100%-70%) and distilled water. Immunohisto-

chemistry was performed using the Bond-Max automatic system

(Leica Microsystems, Newcastle Upon Tyne, UK). Primary anti-

body solution was added for 20 minutes and antigen retrieval was

performed by epitope retrieval solution ER1 provided by the

manufacturer. Localization studies were done for macrophages

(mouse monoclonal antihuman CD68, clone KP1; Biocare

Medical, Concord, California) and T-lymphocytes (mouse mono-

clonal antihuman CD3; Vision Biosystems, Victoria, Australia).

After the primary antibody incubation, visualization was per-

formed using the Bond Polymer Refine Detection Kit (Leica

Biosystems), according to the manufacturer’s instructions. All

sections were evaluated by 3 experienced observers blinded to

clinical characteristics and to each other.

According to accentuated distribution of histopathologic

patterns, semiquantitative analyses were performed to

describe the predominant histologic characteristics in the entire

sample. The total amount of inflammatory cells in the AAA

wall was evaluated by conventional hematoxylin and eosin

staining. Furthermore, inflammatory cell subpopulations were

specified by CD68 (macrophages) and CD3 (T-lymphocytes)

immunostaining.

The degree of inflammatory infiltration (INF; absent inflam-

mation to severe inflammation) was evaluated using a score of

0 to 3, with 0 indicating no, 1 indicating weakly positive, 2 indi-

cating intermediate positive, and 3 indicating massive positive

staining and the mean + standard deviation score was calcu-

lated, as has been described by a previous study.20

Clinical data were obtained from the medical records of all

89 patients including age, atherosclerotic risk factors history,

obvious atherosclerosis of any territory assessed clinically: cor-

onary (myocardial infarction or unstable angina, revasculariza-

tion procedures), cerebral (ischemic noncardioembolic stroke

or transient ischemic attack or revascularization procedures

on the carotids), peripheral vascular (claudication grade II or

revascularization procedures on the peripheral arteries),

ankle–brachial index < 0.9, AAA diameter; and drug history.

Kidney function was evaluated by glomerular filtration rate

(GFR) estimated from serum creatinine levels using the Mod-

ification of Diet in Renal Disease (MDRD) study prediction

equation.21

Atheroslerotic Risk Factors

Hypertension was defined as a systolic blood pressure�140 mm

Hg, or a diastolic blood pressure�90 mm Hg, or the use of any

antihypertensive medication. Hypercholesterolemia was
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defined as total serum cholesterol levels >200 mg/dL,

low-density lipoprotein cholesterol >140 mg/dL, high-density

lipoprotein cholesterol <40 mg/dL, triglyceride >150 mg/dL,

or the use of antilipidemic medication.

Diabetes mellitus was defined as a fasting blood glucose

>126 mg/dL22 or the use of antidiabetic medication. Smoking

history was categorized based on self-report. Smokers were

considered current, former, or never. Duration of smoking was

estimated in a pack years calculation.

Biochemical Analysis

After an overnight fast, venous blood samples were taken

between 8:30 and 9:30 AM. Serum glucose (SG), total choles-

terol, low-density lipoprotein, high-density lipoprotein, trigly-

ceride, and creatinine were determined on an RA5 automated

analyzer (Technicon Instrument Corporation, TarryTown, New

York), according to the manufacturer’s recommendations.

Statistical Analysis

All continuous variables were presented as mean + standard

deviation. Categoric and continuous variables were compared

between patients with and without diabetes using Fisher exact

test and the Student t test. For normality of variables,

Kolmogorov-Smirnov test was used. Data that were not nor-

mally distributed were analyzed using the Mann-Whitney U test.

Binary logistic regression was used to assess determinants

of above-median tissue inflammation. Determinants that had

previously been shown to be associated with AAA tissue

inflammation were included to adjust for these in the analysis.

These factors were age, smoking history, AAA diameter, pack

year smoked, hypertension, and hypercholesterolemia. For the

reason that SG was greater in patients with diabetes, a further

logistic regression model including SG in addition to age,

smoking history, AAA diameter, hypertension, and hypercho-

lesterolemia was also put together. Serum concentrations of

glucose were associated with tissue inflammation score,

CD68 (macrophages), and CD3 (T-lymphocytes) densities,

using Spearman correlation. A P value of less than .05 was con-

sidered statistically significant in 2-sided tests. Statistical anal-

yses were performed using SPSS 13.0 for Windows software.

Results

In our cohort, 18 (20.2%) of the 89 patients had diabetes. The

clinical characteristics of the patients with and without diabetes

were similar (Table 1). Pack years smoked (52.2 + 48.1),

serum cholesterol (214.7 + 42.6 mg/dL), high-density lipopro-

tein (45.1 + 10.7 mg/dL), triglycerides (150 + 58.6 mg/dL),

systolic blood pressure (130 + 11.3 mm Hg), diastolic blood

pressure (81.2 + 4.8 mm Hg), and estimated GFR (80.1 +
21.3 mL/min per 1.73 m2) were similar in patients with and

without diabetes. Fasting glucose concentration (151.5 +
42.2 mg/dL) (104.5 + 11.8 mg/dL) was higher in patients with

than without diabetes, P < .0001.

Histology Characteristics

Increasing outer media and adventitial inflammatory cell infil-

trates were found in diabetic patients. The mean tissue inflam-

mation score was 1.8 + 1.1 and 1.3 + 0.9 in patients with

and without diabetes, P ¼ .03. After adjusting for other factors

known associated with AAA tissue inflammation (age, smoking

history, AAA diameter, hypertension, and hypercholesterole-

mia), patients with diabetes had an odds ratio (OR) of 3.8

(1.14-12.96), P ¼ .03, experiencing above-median tissue

inflammation when compared with those without diabetes

(Table 2). These associations were affected by including SG

in the model. Patients with diabetes had an OR of 3.6 (0.72-

18.77), P¼ .1, experiencing above-median tissue inflammation

when compared with those without diabetes. Furthermore,

inflammatory cell subpopulations densities specified by CD68

(macrophages) immunostaining were significantly higher in

diabetic patients versus nondiabetic patients (1.44 + 0.78 vs

0.98 + 0.76, P ¼ .02). CD3-positive cells (T-lymphocytes)

Table 1. Demographic and Lifestyle Characteristics of Male Abdominal Aortic Aneurysm Patients With and Without Diabetesa

No Diabetes, n ¼ 18 Diabetes, n ¼ 71 P Value

Age (years) 72.5 (6.2) 69.9 (6.8) .1
Aneurysm diameter (cm) 5.4 (1.0) 5.5 (1.2) .6
Atherosclerosis, n (%)

CHD 8 (44.4) 26 (36.6) .6
PAD 4 (22.2) 16 (22.5) .9
CVD 4 (22.2) 5 (7.0) .08

Smoking status, n (%)
Never 4 (22.2) 12 (16.9) .7
Current 9 (50.0) 42 (59.1) .6
Former 5 (27.7) 17 (23.9) .7

Hypertension, n (%) 13 (72.2) 55 (77.4) .7
Hypercholesterolemia, n (%) 8 (44.4) 41 (57.7) .4

Abbreviations: CHD, coronary artery disease; CVD, cerebrovascular disease; PAD, peripheral artery disease.
a Mean value (standard deviation) for quantitative variables; number of participants (percentages) for qualitative variables.
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densities were not significantly different in diabetic patients

versus nondiabetic patients (0.89 + 0.67 vs 0.66 + 0.65, P

¼. 2). Both the densities of T-lymphocytes and macrophages

in the aortic media and adventitia were not related to the age

of patients (r¼�.113, P¼ .29; r¼�.13, P¼ .09, respectively).

Significant correlation was obvious in serum levels of glu-

cose with CD68 (macrophages; r ¼ .21, P ¼ .044) but not with

total tissue inflammation and CD3 (T-lymphocytes) inflamma-

tory infiltrate (r ¼ .17 P ¼ .1; r ¼ .051, P ¼ .6, respectively)

Discussion

In this study, we confirm the suggestion that aortic inflamma-

tion might be expected to be more common in diabetic patients

with AAA.17 Moreover, we found that these increased infiltrat-

ing inflammatory cells in the wall of advanced AAAs in dia-

betic patients were independently associated with factors

known to be connected with AAA tissue inflammation and

were affected by SG concentration. Macrophage densities, in

the aortic adventitia and outer media in diabetic patients, were

higher and positively correlated with SG concentration.

In industrialized Westernized countries, the incidence of dia-

betes, particularly type 2 diabetes, is dramatically rising. Dia-

betes affects approximately 7.8% of the European population

and 19% of all persons aged 60 years or older. Cardiovascular

complications are the leading cause of morbidity and mortality

in patients with diabetes.15 In contrast, studies favored a lower

prevalence of AAA in patients with diabetes, even though, all

data were not in agreement with this conclusion, however, no

study showed an increase in prevalence23,24 and a difference

between genders.24 In our cohort, 18 (20.2%) of the 89 male

patients, with an AAA mean diameter 5.5 cm, had diabetes.

Atherosclerosis per se probably does not directly cause

AAA; but in genetically susceptible individuals, it may provide

the first inflammatory trigger to recruit inflammatory cells and

direct their subsequent heightened elaboration of further med-

iators (eg, proteases, reactive oxygen species).10

Endothelial dysfunction seems to be the trigger for AAA

tissue inflammation. Aging is one of the risk factors for

AAA. Most literature suggests that circulating levels of

proinflammatory cytokines are elevated in the aged, and

macrophages have been assumed the primary producer of these

cytokines. Upregulation of Th2 cytokines are also known to be

elevated in elderly human patients.11 Smoking is a potent risk

factor for AAA. Exposure of animals to tobacco smoke after a

relatively minor aortic elastase injury produces significantly

more tissue inflammation and elastin degradation, demonstrat-

ing that smoking can act as a synergistic factor in AAA devel-

opment.20 Active cigarette smoking in humans is associated

with increased inflammation within the wall of AAAs, suggest-

ing an acute and not a cumulative effect.12 Mechanical stretch

present in AAA may exacerbate inflammation.14 It is also

known that hypercholesterolemia was contributed to infiltra-

tion of cells, mostly foamy macrophages, into the adventitia,

which was involved in AAA formation in animal models.13,14

The independent, of all the above factors, association of INF

in established AAA (INFAAA) with diabetes, found in our

study, might be related to additional monocytes that migrated

across the endothelium linked to diabetes. We found these

associations to be affected by SG and that SG levels were cor-

related with macrophage densities but not with total tissue

inflammation and T-lymphocytes inflammatory infiltrate. In

our patients, blood glucose measurements were determined

after an overnight fast. Although the prebreakfast and prelunch

measurements have been shown to detect the largest proportion

of hypoglycemic readings in patients with type 2 diabetes,25

short-term low-glucose concentration might not be expected

to reduce the already increased number of monocytes that had

migrated on the subendothelium and differentiated into macro-

phages, during prior postprandial, endothelium exposure to

high-glucose concentration. A study on an in vitro human vas-

cular tissue model showed that short-term high-glucose con-

centration increased the number of monocytes migrating

across the endothelium by 70% and also increased the number

of these monocytes differentiating into macrophages by 28%.

Also, there were nearly 2.5 times more T-lymphocytes that

migrated across the endothelium, along with significant cell

proliferation, compared to cell migration and differentiation

across the endothelium exposed to low-glucose concentra-

tion.26 Moreover, a recent study demonstrated that repetitive

fluctuation in blood glucose in animals induced more deleter-

ious effects on monocyte–aortic endothelial cell interaction

than did consistent glycemic exposure in vivo.27 The assess-

ment of blood glycated hemoglobin (HbA1c), which reflects

the average level of glycemic exposure to the vascular wall

may have been more revealing, but this was not available from

the records of our retrospectively studied patients. Alterations

in the vascular endothelium connected to diabetes that contrib-

ute to endothelial dysfunction include elevated expression and

plasma levels of vasoconstrictors such as angiotensin II and

endothelin 1, increased expression of adhesion molecules and

associated enhanced adhesion of platelets and monocytes to

vascular endothelium, and impairment of nitric oxide (NO)

release and reduced NO responsiveness. Endothelial expres-

sion of adhesion molecules is enhanced by exposure to dyslipi-

demia, hypertensive plasma vasoconstrictor concentrations,

Table 2. Binary Logistic Regression Analysis Results of Clinical
Factor Association With Above-Median Aortic Aneurysm Tissue
Inflammation (n ¼ 89)

Clinical Factors
Odds Ratio (95%
Confidence Interval) P Value

Age 0.9 (0.9-1.06) .7
Diabetes 3.8 (1.13-12.96) .03
Aneurysm diameter 1.08 (0.7-1.6) .6
Smoking status

Never
Former 0.2 (0.04-1.5) .1
Current 1.2 (0.3-5.4) .7
Pack years smoked 1 (0.98-1.01) .9

Hypertension 0.7 (0.3-2.1) .5
Hypercholesterolemia 1.4 (0.6-3.7) .4
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and elevated adipose-derived proinflammatory cytokine levels

and promotes leukocyte adhesion, migration, and vascular

extravasation.19 An inflammatory vascular state is also induced

by advanced glycation end products ([AGEs]; proteins or lipids

that become glycated after exposure to sugars). This leads to an

induction of reactive oxygen species and promotes endothelial

expression of adhesion molecules and proinflammatory cyto-

kines. Soluble AGEs are chemotactic for human blood mono-

cytes both in vitro and in vivo. Advanced glycation end

products on the subendothelium induce monocyte migration

across an endothelial cell monolayer.28 However, receptor for

AGEs also implicate in T-lymphocyte endothelial dysfunction,

migration, and infiltration.29

Accumulating evidence suggests that the adventitial and med-

ial inflammatory responses cannot be considered merely as mar-

kers of the ongoing pathological process. Indeed, it is believed

that the adventitial responses influence, directly or indirectly, the

biology of the entire aortic wall and are directly related to aneur-

ysm expansion and size.30 In our asymptomatic AAA patients,

with similar clinical characteristics between diabetic patients and

nondiabetic patients, tissue inflammation and particularly macro-

phage subpopulation infiltrate at the outer part of aortic wall was

higher in diabetic patients. However, the role of the increased

macrophages in the natural history of AAAs, large enough (mean

diameter 5.5 cm) to require surgical repair, in diabetic patients is

unknown. Could they provide any beneficial effect in the stability

of AAAs, in diabetic patients? Macrophages are renown for their

apparent phenotypic heterogeneity and for the diverse activities in

which they engage. Many of these activities appear to be opposing

in nature: proinflammatory versus anti-inflammatory activities,

immunogenic versus tolerogenic activities, and tissue-

destructive versus tissue-restorative activities.31 Increasing rates

of gene expression and macromolecular synthesis place large

bioenergetic demands on all immune cells. Glucose is readily

used by cells of the immune system and is used to generate energy

and biosynthetic precursors. However, the exact nature of the

demands and how they are met may differ among immune cells,

whether they are proliferative cells, like T-lymphocytes, or secre-

tory cells, like macrophages.32 Subset of infiltrating monocyte-

derived macrophages in the microenvironment of AAA wall in

diabetic patients, in a specific glucose concentration and time

frame, could undergo progressive shifts in functional activities

in response to regulatory oscillations and mediate their beneficial

activity through secretion of the immunoregulatory cytokine IL-

10 to control the local immune response,33 as at least some of the

protective effects of IL-10 may occur within the vessel wall,34 or

increase collagen synthesis and reduce proteolysis.17,24,29 In this

context, defining macrophage subsets by membrane protein and

functional phenotype in diabetic patients AAA might enable the

development of novel approaches to manipulate and refine the

endogenous repair mechanisms in AAA. We expect that future

research will provide some answers to these points.
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