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ABSTRACT. Purpose: Inflammation with leukocytic infiltration, degradation of extracellular matrix (ECM), and
depletion of vascular smooth muscle cells (VSMC) are pathological hallmarks of abdominal aortic aneurysm (AAA).
The aim of this study was to further evaluate relationships between AAA and inflammatory biomarkers, interleukin-
6 (IL-6), tumour necrosis factor-� (TNF-�), endothelin-1 (ET-1) and soluble urokinase-type plasminogen activator
receptor (suPAR), by comparing levels in 65-year-old men with and without AAA at ultrasound screening. We also
evaluated whether any biomarker can independently predict AAA at screening, and clarified potential correlations
between aortic diameter and blood levels of these biomarkers. Results: There were significant (p ≤ 0.05) differ-
ences between subjects with and without AAA for the following variables: p-leukocyte count (TLC) (p<0.001),
p-homocysteine (p<0.001), p-TNF-� (p = 0.023), p-IL-6 (p<0.001), p-ET-1 (p = 0.002), p-suPAR (p<0.001), ankle
brachial index (ABI) (p<0.001), plasma (p)-creatinine (p = 0.049), p-total cholesterol (p<0.001), p-high density
lipoprotein (HDL) (p<0.001) and low density lipoprotein (LDL) cholesterol (p = 0.001), smoking habits (p<0.001),
and use of antihypertensive (p<0.001) and lipid-lowering (p = 0.001) drugs. When the above variables were stepwise
excluded in a logistic regression model, only p-IL-6 (p = 0.002), p-homocysteine (p = 0.015), p-HDL (p = 0.004),
ABI in the right (p = 0.005) and left (p = 0.094) leg, smoking habits (p = 0.003), and antihypertensive drug use
(p = 0.045), differed between groups. Significant correlations with aortic diameter existed for p-TNF-� (p = 0.028),
p-IL-6 (p<0.001), p-ET-1 (p = 0.002) and p-suPAR (p<0.001) in the entire study population, and for p-TNF-�
(p = 0.023), p-ET-1 (p = 0.009) and p-suPAR (p = 0.001) among men with AAA. Conclusions: Several inflammatory
biomarkers were significantly elevated and correlated with aortic diameter among 65-year old men with AAA at
ultrasound screening. IL-6, homocysteine and use of antihypertensive medication remained elevated in the logistic
regression model, together with known risk markers for AAA such as smoking and signs of atherosclerosis.
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ACKGROUND

he pathological hallmarks of abdominal aortic aneurysm
AAA, defined as a permanent, focal widening of
he abdominal aortic diameter of ≥30 mm [1]) are,
nflammation with leukocytic infiltration, degradation of
xtracellular matrix (ECM), and depletion of vascular
mooth muscle cells (VSMC).

uring the last two decades, research on the pathogene-
is of AAA has been focused on abnormal inflammation
nd immune reactions [2]. Several studies have reported
correlation between increased levels of inflammatory
ediators, such as interleukin (IL)-6 and tumour necrosis

actor (TNF)-�, and AAA formation and expansion [2-
]. IL-6 and TNF-� are involved in the accumulation of
mmunoglobulins and neovascularisation of the aneurysm
all [3]. Higher serum levels of IL-6 and TNF-� have been
ound in patients with AAA compared to both healthy con-
rols and patients with coronary heart disease [3]. Another
iomarker proposed to be associated with AAA diameter is
he endothelial-derived vasoconstrictor peptide endothelin
, ET-1, SuPAR

(ET)-1 [4]. ET-1 has a growth promoting effect on the ves-
sel wall, and serum levels are elevated in patients during
aneurysm rupture or dissection [4]. ET-1 also potentiates
production of IL-6 and stimulates muscle cell mitogenesis
[5]. However, the importance of ET-1 for AAA growth
has not yet been fully clarified [6]. A novel biomarker
associated with AAA development is soluble urokinase-
type plasminogen activator receptor (suPAR) [5], formed
when the inflammatory mediator glycosylphosphatidyli-
nositol phospholipase D (GPI-PLD) cleaves the anchor
of the urokinase plasminogen activator receptor (uPAR)
[5]. SuPAR is a marker for low grade inflammation and
is involved in tissue remodelling [5]. It is also associated
with elevated risks for cardiovascular disease, cancer and
type 2 diabetes mellitus [5].

The risk of AAA rupture correlates with aortic diameter
[7-9], and rupture is often the first symptom of an AAA

[7]. As rupture is associated with a mortality rate of 75%,
in Sweden, 65-year-old men are subjected to screening for
AAA with ultrasonography. Screening-detected AAA are
kept under ultrasound surveillance at regular intervals if not
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mmediately repaired [10]. If an AAA is ≥55 mm, shows
xtensive growth, or is symptomatic, the patient is referred
or surgical intervention [1, 10]. Aneurysm growth is expo-
ential, but with great variability between individuals [7].
dentification of biomarkers related to aortic diameter
nd AAA growth might help identify patients in need of
xtra surveillance or earlier surgical intervention [2]. A
iomarker associated with AAA might be used as a com-
lement to ultrasound in screening. In addition, biomarkers
inked to aneurysm diameter might help identify patients
ith a higher risk of aneurysm expansion, rapid growth

nd rupture. At present however, no biomarkers have suffi-
iently high sensitivity and specificity to be used in clinical
ractice [11].

BJECTIVE

he primary aim of this study was to further evaluate
elationships between AAA and inflammatory biomarkers,
L-6, TNF-�, ET-1 and suPAR in 65-year-old men with and
ithout AAA. Secondary aims were to evaluate whether

ny biomarkers could independently predict AAA, and to
nvestigate potential correlations between aortic diameter
nd blood levels of these biomarkers.

ATERIALS AND METHODS

tudy design

cross-sectional study.

aterials

ll men who are over 65 and from the city of Malmö
nd 15 neighbouring municipalities are invited to AAA
ltrasound screening with at the Department of Vascu-
ar Diseases, Skåne University Hospital, Malmö. Over
he period 2010-2014, 200(1.6%) of 12714 men exam-
ned were found to have AAA, out of whom 116 (58%)
ccepted to undergo physical examination, blood sam-
ling, and medical history reporting. As a control group,
e invited 239 randomly-selected, screened 65-year-old
en with normal aortic diameter.

ethods

he following variables were analysed: aortic diam-
ter, systolic (S), and diastolic (D) blood pressure
BP), ankle brachial index (ABI) in both legs, use of
ntihypertensive and lipid-lowering drugs, plasma (p)-
reatinine, p-total, high-density lipoprotein (HDL) and
ow-density lipoprotein (LDL) cholesterol, p-triglycerides
TG), p-haemoglobin (Hb), p-total leukocyte count (TLC),
-platelet count (PC), p-glucose, p-homocysteine, p-ET-1,
-TNF-�, p-IL-6, p-suPAR and smoking habits. Further-
ore, smoking habits were categorised into three groups;

urrent, previous, and never smokers.
ltrasound examinations were performed by biomedical

cientists and registered nurses using the LOGICe (General
lectric Healthcare Inc, Chalfont S. Giles, UK). The max-
mal infrarenal anteroposterior diameter of the aorta was
valuated, and an AAA was defined as an aortic diameter of
30 mm, using the leading-edge to leading-edge (LELE)

echnique. In seven cases (1%) where ultrasound was
S. Lindberg, et al.

not conclusive, subjects were referred to a conventional
computer tomography (CT) scan without contrast.

Blood samples were centrifuged at 4◦C. Routine labora-
tory markers were analysed immediately at the Department
of Clinical Chemistry, Skåne University Hospital, Malmö
(SWEDAC approved according to European norm 45001).
For the non-routine biomarkers: p-ET-1, p-TNF-�, p-IL-
6 and p-suPAR samples were frozen at -80◦C and the
analyses were performed successively at the Wallenberg
Laboratory, Skåne University Hospital, Malmö. P-TNF-
� and p-IL-6 levels were analysed with commercially
available enzyme-linked immunosorbent assay (ELISA)
test kits (R&D Systems, Inc, MIN, USA). The minimum
detectable dose (MDD) was 0.106 pg/mL for p-TNF-� and
0.7 pg/mL for p-IL-6. The intra-assay coefficient of vari-
ability (CV) and inter-assay CV were 8.5% and 10.6% for
p-TNF-� and 4.2% and 6.4% for p-IL-6 respectively. P-ET-
1 was analysed with an ELISA test kit (R&D Systems, Inc,
MIN, USA) with a MDD of 0.087 pg/mL and intra- and
inter-assay CVs of 4.0% and 7.6%. P-suPAR levels were
evaluated with the suPARnostic® ELISA kit (ViroGates,
Birkeröd, Denmark). The detection limit was 0.1 ng/mL
and the intra- and inter-assay CVs were 5.3% and 3.5%. For
non-routine markers where blood levels deviated more than
two standard deviations (SD), samples were re-analysed.

Statistical analyses

Statistical calculations were done in SPSS® (SPSS Inc,
IBM, New York, USA) version 20. P-values <0.05 were
considered significant. All variables were compared with
univariate analysis between subjects with and without
AAA. The Mann-Whitney U test was used for quantita-
tive variables and the chi square test was used for nominal
variables. Quantitative variables were expressed as the
median, and the lower and upper quartiles. Nominal vari-
ables were stated as frequencies and percentages. Variables
with a significant difference in univariate analysis were
included in a multivariate analysis; logistic regression,
and stepwise excluded until all remaining variables had
a p-value of <0.1. Spearman’s rank correlation coefficient
test was used to evaluate correlations between aortic diam-
eter and inflammatory markers. Sensitivity, specificity and
the receiver-operating characteristic (ROC) curve were cal-
culated to evaluate screening potential for some of the
markers.

Ethical considerations

All subjects gave written consent to participate in this
study, and it was approved by the Ethics Committee of
Lund University (2010/239).

RESULTS

Study compliance

Of the 355 men included in the study (116 with AAA and

239 without), all 355 underwent physical examination, 316
completed the health questionnaire, and 343 underwent
blood sample analysis.
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Table 1
Clinical characteristics in 65-year-old men with and without abdominal aortic aneurysm (AAA) at ultrasound examination of the abdominal

aorta. (Median [lower and upper quartiles]).

Variables All subjects (n = 355) Without AAA (n = 239) With AAA (n = 116) P-value

Systolic blood pressure (mmHg) 143 (134-157) 143 (134-158) 143 (133-151) 0.342

Diastolic blood pressure (mmHg) 85 (80-91) 85 (80-91) 85 (80-91) 0.553

Ankle brachial index- right 1.08 (1.01-1.15) 1.10 (1.03-1.17) 1.04 (0.95-1.11) <0.001

Ankle brachial index-left 1.08 (1.00-1.14) 1.09 (1.01-1.15) 1.04 (0.95-1.11) <0.001

p-creatinine (�mol/L) 85 (76-95) 83 (76-92) 88 (78-98) 0.049

p-cholesterol (mmol/L) 5.2 (4.3-5.9) 5.3 (4.5-5.9) 4.6 (3.9-5.8) <0.001

p-TG (mmol/L) 1.6 (1.1-2.4) 1.5 (1.0-2.3) 1.6 (1.2-2.8) 0.065

p-HDL (mmol/L) 1.3 (1.1-1.6) 1.4 (1.2-1.6) 1.2 (0.9-1.4) <0.001

p-LDL (mmol/L) 3.2 (2.5-4.0) 3.3 (2.7-4.1) 2.8 (2.2-3.9) 0.001

p-Hb (g/L) 148 (141-155) 148 (141-155) 147 (141-155) 0.801

p-TLC (109/L) 6.5 (5.6-7.5) 6.2 (5.2-7.1) 7.2 (6.2-8.7) <0.001

p-PC (109/L) 216 (189-252) 215 (188-252) 220 (190-253) 0.518

p-glucose (mmol/L) 5.6 (5.2-6.4) 5.6 (5.1-6.4) 5.8 (5.3-6.6) 0.064

p-homocysteine (�mol/L) 14 (12-17) 14 (12-16) 16 (13-19) <0.001

p-TNF-� (pg/mL) 0.98 (0.77-1.38) 0.96 (0.76-1.25) 1.11 (0.82-1.62) 0.023

p-IL-6 (pg/mL) 1.84 (1.09-3.44) 1.53 (0.89-2.51) 3.16 (1.66-5.98) <0.001

p-ET-1 (pg/mL) 1.04 (0.82-1.36) 0.99 (0.80-1.32) 1.14 (0.93-1.48) 0.002

p-suPAR (pg/mL) 3.63 (2.94-4.49) 3.37 (2.82-4.12) 4.28 (3.49-5.13) <0.001

n L, high-
l ukin-6; E
p

U

W
c
A
p
p
T
(
s
a
d

L

W
m
r
v
m

n

, number; BP, blood pressure; ABI, ankle brachial index; TG, triglycerides; HD
eukocyte count; PC, platelet count; TNF-�, tumour necrosis factor-�; IL-6, interle
, plasma

nivariate analysis

hen comparing subjects with and without AAA, signifi-
ant differences were found for the following variables:
BI in both right (p<0.001) and left (p<0.001) legs,
-creatinine (p = 0.049), p-total cholesterol (p<0.001),
-HDL (p<0.001) and LDL (p = 0.001) cholesterol, p-
LC (p<0.001), p-homocysteine (p<0.001), p-TNF-�

p = 0.023), p-IL-6 (p<0.001), p-ET-1 (p = 0.002), p-
uPAR (p<0.001), smoking habits (p<0.001), and use of
ntihypertensive (p<0.001) and lipid-lowering (p = 0.001)
rugs (tables 1-2).

ogistic regression analysis

hen the 15 variables that differed significantly between

en with and without AAA were entered into a logistic

egression model and stepwise excluded, the following
ariables were found to differ between groups in a
ultivariate analysis: ABI in the right (p = 0.005) and left

Table 2
Smoking habits and drug use in 65-year-old men with and without abdo

abdominal aorta

Variables All subjects (n = 355) Withou

Smoking habits
Current/Previous/Never 70 (20%)/169 (48%)/89 (25%) 31 (13%)/

Antihypertensive drug use
Yes/No 160 (45%)/121 (34%) 96 (4

Lipid-lowering drug use
Yes/No 116 (33%)/164 (46%) 67 (2

, number
density lipoprotein; LDL, low-density lipoprotein; Hb, haemoglobin; TLC, total
T-1, endothelin-1; suPAR, soluble urokinase-type plasminogen activator receptor;

(p = 0.094) leg, p-HDL cholesterol (p = 0.004), p-IL-6
(p = 0.002), p-homocysteine (p = 0.015), smoking habits
(p = 0.003), and antihypertensive drug use (p = 0.045).

Correlations

Among all study subjects, significant correlations with
aortic diameter were found for p-TNF-� (rs = 0.126;
p = 0.028), p-IL-6 (rs = 0.364; p<0.001), p-ET-1
(rs = 0.168); p = 0.002) and p-suPAR (rs = 0.297; p<0.001).
In men with AAA, p-TNF-� (rs = 0.228; p = 0.023), p-ET-1
(rs = 0.248; p = 0.009) and p-suPAR (rs = 0.322; p = 0.001)
correlated significantly with aortic diameter (table 3).

IL-6 as a screening marker for AAA
A receiver-operating characteristic (ROC) curve for p-IL-6
and AAA showed an area under the curve (AUC) of 0.730
(standard error [SE] 0.029, 95% confidence interval [CI]
0.674-0.786, p<0.001) (figure 1).

minal aortic aneurysm (AAA) at ultrasound examination of the
. (N[%]).

t AAA (n = 239) With AAA (n = 116) P-value

112 (47%)/83 (35%) 39 (34%)/48 (41%)/6 (5%) <0.001

0%)/98 (41%) 64 (55%)/23 (20%) <0.001

8%)/126 (53%) 49 (42%)/38 (33%) 0.001
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Table 3
Spearman’s rank correlation coefficient () of different variables with different aortic diameters in 65-year-old men undergoing ultrasound

examination of the abdominal aorta.

Variables All subjects (n = 352) Subjects with an aortic
diameter of <25 mm
(n = 228)

Subjects with an aortic
diameter of 25-29 mm
(n = 9)

Subjects with
AAA (n = 115)

p-TNF-� (pg/mL) rs = 0.126 (p = 0.028) rs = 0.005 (p = 0.945) rs = -0.536 (p = 0.215) rs = 0.228 (p = 0.023)

p-IL-6 (pg/mL) rs = 0.364 (p<0.001) rs = -0.094 (p = 0.163) rs = -0.186 (p = 0.631) rs = 0.179 (p = 0.063)

p-ET-1 (pg/mL) rs = 0.168 (p = 0.002) rs = -0.061 (p = 0.365) rs = 0.203 (p = 0.600) rs = 0.248 (p = 0.009)

p-suPAR (pg/mL) rs = 0.297 (p<0.001) rs = -0.073, (p = 0.281) rs = 0.017 (p = 0.965) rs = 0.322 (p = 0.001)

n, number; AAA, abdominal aortic aneurysm; TNF-�, tumour necrosis factor-�; IL-6, interl
receptor; p, plasma.
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ISCUSSION

everal variables differed between men with and without
AA. P-creatinine, p-TLC, p-homocysteine, p-TNF-�, p-

L-6, p-ET-1, and p-suPAR were all higher, whereas ABI,
-cholesterol, p-HDL and p-LDL were lower among men
ith AAA. Use of antihypertensive and lipid-lowering
rugs, as well as smoking history, were also more common
mong subjects with AAA. These results are confirmatory
n relation to previous data [1-5, 11], however, it should
e noted that the logistic regression analysis revealed that
ignificant differences remained only for ABI, p-HDL
holesterol, p-homocysteine, p-IL-6, use of antihyperten-
ive drugs, and smoking habits. It is not surprising that
ignificant differences for several variables in univariate
nalysis were lost in logistic regression analysis, as several
ariables are strongly influenced by each other.
he fact that levels of all inflammatory biomarkers

nalysed were significantly higher in men with AAA
n univariate analysis corroborates that the notion that
nflammation plays an important role for development and
rowth of AAA [2, 3, 12]. However, p-IL-6 was the only
eukin-6; ET-1, endothelin-1; suPAR, soluble urokinase-type plasminogen activator

independent biomarker for AAA. P-IL-6 has previously
been shown to be elevated in AAA patients compared
to controls [3, 13, 14]. Dowson et al. showed that when
blood samples were collected from the entire length
of the aorta in subjects with and without AAA, higher
plasma levels of IL-6 were found closer to the aneurysm
[13]. These findings support the hypothesis that IL-6 is
produced and secreted into the circulation from aneurysm
tissue [13]. Furthermore, the IL-6 signalling pathway
might be involved in AAA development and expansion,
and the IL-6 receptor (IL-6R) might be a possible target
for pharmacological intervention in AAA subjects [15].
Our findings are somewhat inconclusive with regard to the
correlation between aortic diameter and IL-6, as we saw a
positive correlation in the entire study population, but no
correlation in subgroups with and without AAA. IL-6 has
previously been reported to increase with aneurysm size
in some studies, whereas other studies reported no correla-
tion between p-IL-6 and aneurysm diameter or growth rate
[2, 14, 16]. Plasma levels of TNF-�, ET-1 and suPAR cor-
related with aortic diameter both in the entire population
and among men with AAA. Higher levels of TNF-� have
been found in AAA tissue compared to normal aortic tissue
[17], and decreased levels of TNF-� in patients with large
AAAs, suggesting the possibility that TNF-� might be
able to be used as a marker for AAA development [18]. We
found a positive correlation with aortic diameter among
men with AAA, however, and other studies report that no
evidence for a correlation of TNF-� to different growth
rates of AAAs [6]. ET-1 has previously been dismissed as
a marker for AAA growth or rupture, and there is a paucity
of research with regard to suPAR [6]. Whereas Lindqvist
et al. reported no correlation between aortic diameter and
suPAR [19], but our findings suggest otherwise, highlight-
ing the need for further evaluation. Of all the inflammatory
biomarkers we set out to investigate, IL-6 seems to be
the most important one as regard to AAAs. It is still not
specific enough to be a contender to ultrasound screening,
as determined from the ROC-curve however: further
research is warranted to clarify its importance in AAA
pathogenesis before it can be used in clinical practice.

HDL-cholesterol was the only independent lipid marker.
This might be attributed to the fact that statin treatment,
which mainly lowers LDL [20], was more common among
men with (42%) compared to men without (28%) AAA, or

might perhaps indicate a true association between HDL-
cholesterol and AAA. Low levels of HDL-cholesterol have
previously been found among subjects with AAA, and
high levels have been proposed to decrease the risk of



Journal Identification = ECN Article Identification = 0381 Date: November 24, 2016 Time: 11:25 am

I m

A
t
i
o
s
i
S
d
r
o
e
W
a
i
a
s
a
r
a
t
A
b

L

T
s
w
s
F
o
g
r
h
f
i
m

C

S
e
y
I
h
u
p
s

D

R

nflammatory markers associated with abdominal aortic aneurys

AA development [21]. Differences in levels of homocys-
eine, a non-protein amino acid, also remained significant
n the logistic regression model. Homocysteine has previ-
usly been associated with with vascular incidents such as
troke and myocardial infarction [22], whereas reports on
ts relation to AAA are somewhat inconclusive [22].
ince smoking is the most important risk factor for the
evelopment of AAA [23, 24], and as men with atheroscle-
otic peripheral vascular disease have a greater incidence
f AAA [25, 26], it is not surprising that significant differ-
nces between groups existed concerning these variables.

hereas there was no association between SBP or DBP
nd AAA in the univariate analysis, we found a signif-
cant association between use of antihypertensive drugs
nd AAA in the multivariate model. Similar associations
uggesting that patients using antihypertensive drugs run
n increased risk of developing AAA have been previously
eported [27]. Subjects with high BP are more likely use
ntihypertensive drugs, and successful antihypertensive
reatment might mask any potential relationship between
AA and BP, making an apparent association appear
etween AAA and antihypertensive drug use instead [27].

imitations

his study has several limitations. It is a cross-sectional
tudy and all measurements were performed only once,
ithout prospective follow-up. Therefore, we have no pos-

ibility of drawing conclusions about aneurysm growth.
urthermore, the conclusions are only valid for 65-year-
ld men since we have no measurements from other age
roups or from females. In addition, we only have self-
eported data on medication and smoking habits from the
ealth questionnaire. There is always a risk of reporting
alse significances when performing multiple compar-
sons. However, we tried to minimize this risk by using

ultivariate analysis in addition to the univariate tests.

ONCLUSION

everal inflammatory biomarkers were significantly
levated and correlated with aortic diameter among 65-
ear-old men undergoing ultrasound screening for AAA.
n a logistic regression model, men with AAA showed
igher levels of IL-6 and homocysteine, and more often
sed antihypertensive medication in addition to a higher
revalence of established risk markers for AAA such as
moking and atherosclerosis.
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