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Purpose: To investigate the prevalence of and risk factors for abdominal aortic aneurysm
(AAA) in 65-year-old men in Oslo, Norway.

Materials and Methods: From May 2011, until September 2019, the annual population of 65-
year-old men living in Oslo were invited to an ultrasonographic screening of the abdominal aorta.
Candidates received a one-time invitation by mail, including a questionnaire on possible risk
factors and comorbidities. Abdominal aortic outer-to-outer diameter and ankle-brachial index
were measured by the screening team. Participants were allocated into three groups: non-, sub-
and aneurysmal aorta. Written information on recommended follow-up regime was given to
participants with an aortic diameter >25 mm. Univariate and multivariate analyses of potential
risk factors were performed, in addition to descriptive analyses and significance testing.
Results: In total, 19,328 were invited, 13,215 men were screened, of which 12,822 accepted
inclusion in the study. Aortic diameter was registered for 12,810 participants and 330 men
had aortic diameter >30 mm, giving a prevalence of AAA of 2.6% (95% confidence interval
(CI) 2.31-2.86). We identified 4 independent risk factors for AAA: smoking (OR = 3.64,
95% CI 2.90—4.58), hypertension (OR = 1.87, 95% CI 1.49-2.35), BMI >30 (OR = 1.02,
95% CI 1.00-1.03), and diabetes mellitus (OR = 0.52, 95% CI 0.35-0.79), the latter showing
an inverse association with AAA growth. A subgroup of 862 men with aortic diameters 25—
29 mm had a significantly higher prevalence of BMI >25, smoking and family history of
AAA, compared to participants with aortic diameter <25 mm.

Conclusion: Among the participants in this study, the prevalence of abdominal aortic
aneurysms was 2.6%. Participants with AAA more frequently reported cardiovascular risk
factors, and less frequently diabetes mellitus.
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Plain Language Summary

This is a population-based screening study of the abdominal aorta in 65-year-old men in
Oslo. Ultrasonographic screening of the abdominal aorta was offered to all 65-year-old men
living in Oslo, Norway. In a population of 12,810 men, 330 cases of abdominal aortic
aneurysms (AAA) were found, giving a prevalence of 2.6%.

Compared with studies from the 80s and 90s, this study revealed a lower prevalence of
abdominal aortic aneurysms in 65-year-old men. This prevalence is nonetheless twice as high
as that reported in recent studies (1.3—1.5%). Four risk factors for AAA were identified:
smoking, hypertension, body-mass index (BMI) >30 and diabetes mellitus, the latter having
an inverse effect on AAA growth. In addition, there was a significantly higher prevalence of
peripheral artery disease and a history of stroke amongst participants with AAAs. Since the
presence of AAA is a potential life-threatening condition, screening is an important tool in
early detection of the disease.
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Introduction

Abdominal aortic aneurysm is a potentially lethal condi-
tion, most prevalent in elderly men. Ruptured AAA
(rAAA) has a high mortality rate. A nationwide analysis
of rAAA in Portugal has shown that approximately 75% of
patients with rAAA die before reaching hospital or during
hospitalization.! Budtz-Lilly et al have reported a peri-
operative mortality for emergency surgery at 28.8%.°
Furthermore, the 30-day mortality ranges from around
30-60%."* In contrast, mortality rates for elective
AAA surgery are drastically lower, 30-day mortality
range from 0.5% to 5.0%.°°

Several large studies have shown that one-time ultra-
sound screening in men above 65 years reduces the inci-
dence of sudden AAA ruptures and aneurysm-related
mortality.” > Consequently, Sweden (2006) and the United
Kingdom (2009) have implemented national screening pro-
grams for ultrasonographic detection of AAA.>'® In the
United States, one-time screening for AAA has been offered
since 2007 to male members of Medicare between the ages
of 65 to 75 years with any history of smoking.'’

In Sweden, the prevalence of AAA in 65-year-old men
is 1.5%.° The national screening program in the United
Kingdom has shown a AAA prevalence in >65-year-old
men at 1.57%.'® A study from the United States found
a prevalence of AAA in the population aged 50 to 84 years
(both men and women) of 1.4%.'® This is in contrast to
results from earlier studies from the 80s and 90s, which
demonstrated a prevalence of 4.0-9.0%.'"** Data from
the Gloucestershire Aneurysm Screening Program also
reveal a decline in AAA prevalence in 65-year-old men,
from 5.0% in 1991 to 1.3% in 2015.”

Krohn et al examined 500 Norwegian men above 60
years in 1992, and found that 5.8% had small and 2.4%
had large AAAs.** In 2001, Singh et al found a AAA
prevalence of 8.9% in 23—-84-year-old men in the Tromse
study, in Norway.>>?® To our knowledge, there are no
other studies on the prevalence of AAA in Norway, and
there are no national or regional screening programs for
AAA in Norway. The aim of the present study was to
examine the current prevalence and risk factors for AAA
in 65-year-old men in Oslo. We hypothesize that the pre-
valence may be lower than previously reported.

Materials and Methods

From May 2011, annually all 65-year-old men with perma-
nent residence in Oslo were invited (one-time invitation by

mail) to undergo an ultrasonography of the abdominal aorta.
Names, dates of birth and contact information were extracted
from the National Population Register. The invitation
included a questionnaire on potential risk factors for and
comorbidities with AAA, which was completed in collabora-
tion with the screening team on the day of screening. The
screening was performed in the outpatient clinic of the
Department of Vascular Surgery at Oslo University Hospital.

The screening team consists of radiographers and nurses
with special training in abdominal aorta ultrasonography.
Their training was given by a consultant radiologist from
the Department of Radiology and Interventional Radiology
at Oslo University Hospital. The screening team has been
consistent throughout the screening period. In the early
phase, the consultant radiologist did sample tests to validate
the ultrasonographic results. Ultrasonography of the
abdominal aorta is a highly sensitive and specific modality
for detection of AAAs. 272

The screening team works at the Department of
Vascular Surgery and the Department of Radiology and
Interventional Radiology at Oslo University Hospital, and
the costs were shared between these two departments. The
screening project has no external funding.

The examinations were performed with a sector probe
(Sonix SP; C5-2 probe, Ultrasonix). The aorta was examined
in the axial plane with scans perpendicular to the longitudi-
nal plane. The maximum aortic diameter was measured
below the level of the renal arteries from the outer-to-outer
(OTO) wall with electronic calipers, both in the transverse
and anterior-posterior plane. The highest of these measure-
ments was used. OTO is considered the most reliable dia-
meter of the aorta.?’ The sensitivity of the method was
ensured consecutively through instrument calibration by an
experienced radiologist. A biomedical scientist consecu-
tively collected the data in a database (FileMaker Pro 14).

The internationally accepted definition of AAA was used;
diameter of >30 mm.** Written information on recommended
follow-up regime was given to participants with an aortic
diameter >25 mm. Follow-up until aortic diameter 45 mm is
facilitated by the general practitioner. At aortic diameter
>45 mm, participants are referred to the Department of
Vascular Surgery for further follow-up and eventually treat-
ment (Figure 1). In Norway, all citizens are entitled to
a dedicated general practitioner, as part of the public healthcare
system.

The ankle- and brachial pressures were measured in
both arms and both legs (both dorsalis pedis artery and
tibial each participant, by

posterior artery) for
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Figure | Consort diagram. The diagram shows the allocation of the invited candidates, distribution of aortic diameters, and recommended follow-up regime depending on

measured aortic diameter.

Abbreviations: AD, aortic diameter; USG, ultrasonography; GP, general practitioner; DVS, Department of Vascular Surgery.

sphygmomanometry using a Doppler ultrasound transdu-
cer. The highest of the two systolic ankle pressures was
taken as the numerator for each leg and the highest systolic
brachial pressure as the denominator for the arm. An
ankle-brachial index (ABI) <0.9 in either leg is considered
abnormal and indicates peripheral artery disease (PAD).31

Statistical
(ver. 26). The program was used for descriptive analyses,

analyses were performed using SPSS
categorical data including frequency values, tables and his-
tograms for evaluation of normal distribution. Crosstabs
were used to examine the distribution of variables, and
Pearson’s chi square test was used for significance testing.
Statistical significance was set at p-value <0.05.

In the univariate analysis, contingency tables were used
for the discrete variables and Student’s #-test for continuous
variables. The logistic model was used in the multivariate
analysis to pinpoint independent risk factors of AAA. The
predictive accuracy of the model was evaluated by calibra-
tion and discrimination. Calibration, which measures the
ability of the logistic model to assign the appropriate risk,
was evaluated by the Hosmer and Lemeshow (H-L) good-
ness-of-fit test. The H-L measures the difference between
expected and observed outcomes over deciles of risk.
A statistically not significant H-L result (p-value > 0.05)
suggests that the model predicts accurately on average.
Discrimination, which measures the ability of the model to
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differentiate among those who have or do not have AAA,
was evaluated by the analysis of the area under the receiver
operating characteristic (ROC) curve. If the area under the
curve is greater than 0.7 it can be concluded that the model
has an acceptable discriminatory capability.>>

The study was approved by the Regional Committees
for Medical and Health Research Ethics (REC reference
number 2009/866) and complies with the Declaration of
Helsinki. Informed consents were obtained from all parti-
cipants in writing. The study is registered at https://clini
caltrials.gov/show/NCT01248533.

Results

In total, 19,328 were invited, 13,215 men were screened, and
12,822 were included in the study. Of these, 12 participants
were excluded due to missing data on aortic diameter, leav-
ing 12,810 eligible for statistical analyses (Figure 1). For the
12 excluded participants, aortic diameter was not possible to
obtain due to lack of ultrasonographic visibility for any
reason (the participants were also examined by an experi-
enced radiologist). These participants were further examined
with a CT scan. The recorded aortic diameters for the parti-
cipants were normally distributed. Annually, 1124-2784
men were invited (the lowest number represents the
first year of screening, that is from May 2011), of which
63.3—77.6% accepted the invitation, and participation rate
increased during the study period (Figure 2).

The mean aortic diameter in the studied cohort was
22.1 mm (SD 3.5 mm), and the AAA prevalence was 2.6%
(95% CI 2.31-2.86). Figure 2 illustrates the annual pre-
valence of AAA during the study period. The distribution

of aneurysm-size is shown in Figure 3.
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Figure 2 Yearly participation (columns) and AAA point prevalence (diamonds).

2015

Participants with AAA had significantly higher preva-
lence of BMI > 25, hypertension, intermittent claudication
(IC), and ABI < 0.9, than participants with normal aortas
(Table 1). More often, candidates with AAA reported
a history of previous myocardial infarction (MI) or stroke,
current smoking, and a family history of AAA. More parti-
cipants with AAA were using statins and acetyl salicylic acid
(ASA) than participants with normal aortic diameter. There
was no statistical difference between participants with or
without AAA on history of transient ischemic attack (TIA)
or previous smoking. There was a higher, but not statistically
significant, prevalence of diabetes mellitus amongst partici-
pants without aneurysms (Table 1).

Performing regression analyses, we found four inde-
pendent risk factors for AAA: smoking, hypertension,
obesity (BMI > 30) and diabetes mellitus. Smoking was
the most important risk factor (Tables 2 and 3). The ROC
curve is presented in Figure 4.

Sub-aneurysmal aortas (25-29 mm) were found in
6.7% of the participants. These participants more often
presented with risk factors such as BMI > 25, stroke,
current smoking and family history of AAA, but less
often diabetes mellitus, when compared to the group with
aortic diameter <25 mm (Table 1).

Discussion

This study revealed a AAA prevalence of 2.6% in the
screened population of 65-year-old men living in Oslo.
This is much lower than large screening studies from the
80s and 90s, and twice as high as recent findings in
Sweden and the United Kingdom.”'®-19723-33

The target population was invited one time only,

achieving an annual participation rate up to 77.6%. This
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Figure 3 The distribution of aneurysms. The aneurysms are categorized by every 10th mm, n = 330.

must be taken into consideration when discussing the
findings. In large screening trials, the percentage of atten-
dance varies from 63% to 80%.°* A single re-invitation
could have increased the number of participants to
approximately 80% of the invited, as seen in the Swedish
screening program.’

Guidelines from European Society for Vascular
Surgery (ESVS) and Society for Vascular Surgery (SVS)
recommend treatment for AAA at a diameter >55 mm in

2831 In this study, 6.4% of the aneurysms were

men
>55 mm at the time of screening, which shows that screen-
ing for AAA in men at the age of 65 years discovers

individuals in need of treatment for a potentially lethal

Table | Descriptive Data; Risk Factors and Comorbidities

of the

screened population, and demonstrate a lower incidence

condition. These individuals amount to 0.2%

than what was found in the four previous large screening
studies (0.4-0.6%).>>7 Amongst the participants, 77.7%
of the detected aneurysms were <40 mm, and this is
consistent with previous data.?’

Previous studies have examined the group of 65-year-
old men with sub-aneurysmal aortas (25-29 mm) and
found that these men are at risk of developing AAA within

2338 Data from the screening program in

5 years.
Gloucestershire demonstrated that 28% of participants
with sub-aneurysmal aortas develop AAA within 15

years.”> In our material, 6.4% had sub-aneurysmal aortas,

Variable All Participants, | Aortic Diameter > | Aortic Diameter P-value* | Aortic Diameter P-value™*
n=12810 30 mm, n = 330 <30 mm, n=12,480 25-29 mm, n = 862
BMI > 25 65.5% 75.2% 65.3% <0.001 70.2% 0.0l
BMI > 30 16.6% 25.1% 16.4% <0.001 20.8% < 0.001
ABI < 0.9 6.7% 15.5% 6.5% <0.001 8.2% 0.017
Ml 8.6% 20.0% 8.3% < 0.001 8.6% 0.377
TIA 2.9% 4.5% 2.9% 0.063 3.4% 0.218
Stroke 2.8% 6.4% 2.7% < 0.001 3.6% 0.056
Hypertension 40.2% 53.0% 39.9% <0.001 41.5% 0.163
Diabetes mellitus 11.2% 7.9% 11.3% 0.056 7.2% < 0.001
IC 6.5% 12.5% 6.4% <0.001 7.7% 0.061
Current smoker 16.8% 39.7% 16.2% <0.001 24.0% < 0.001
Past smoker 43.6% 45.2% 43.6% 0.306 43.6% 0.506
Family history of AAA | 8.3% 17,3% 8.1% <0.001 13.5% < 0.001
Statin 33.1% 48.8% 32.7% <0.001 32.8% 0.486
ASA 24.8% 35.9% 24.5% <0.001 25.9% 0.175

Notes: Statistical significance was set at p-value < 0.05, and significant p-values are presented in bold text. P-values are calculated for *Aortic diameter = 30 mm versus
aortic diameter < 30 mm, **Aortic diameter 25-29 mm versus aortic diameter < 25 mm.
Abbreviations: BMI, body mass index; ABI, ankle brachial index; MI, myocardial infarction; TIA, transitory ischemic attack; IC, intermittent claudication; ASA, acetylsalicylic

acid.
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Table 2 Univariate Analysis

Discrete Variables Number of Participants Odds Ratio 95% CI P-value
with AAA
Smoking Yes/No 3,40 2.71-4.26 0.0001
Hypertension Yes/No 1,70 1.30-2.12 0.001
Diabetes mellitus Yes/No 0,67 0.45-1.01 0.56
Continuous Variables Number of Participants Mean 95% ClI P-value
BMI
AD 2 30 mm 330 27.6 *+ 4.09 0.0001
AD < 30 mm 12,449 26.67 + 448
Notes: Risk factors univariate analysis. Abdominal aortic aneurysm; aortic diameter = 30 mm.
Abbreviations: AD, aortic diameter; Cl, confidence interval; BMI, body mass index.
Table 3 Multivariate Analysis
Variable Number of Participants with AAA Odds Ratio 95% CI P-value
BMI > 30 Yes 330 1.02 1.00-1.03 0.0072
No 12,449
Diabetes mellitus Yes 329 0.52 0.35-0.79 0.0025
No 12,451
Hypertension Yes 330 1.87 1.49-2.35 0.0001
No 12,456
Smoking Yes 330 3.64 2.90-4.58 0.0001
No 12,479

Notes: Multivariate analysis using the logistic model. Independent risk factors of abdominal aortic aneurysm; aortic diameter = 30 mm.

Abbreviation: Cl, confidence interval.

and these participants presented some of the same risk
factors as participants with AAA, such as BMI > 25,
current smoking and a family history of AAA. These
findings highlight a group that might benefit from follow-
up ultrasonography.

Known risk factors for developing AAA include male
sex, smoking, a family history of AAA and old age.'®**"
2539 Hypertension is another potential risk factor, which is
also associated with an increased risk for AAA.'%%%3! We
found four independent risk factors for AAA: smoking,
hypertension, obesity, and diabetes mellitus. These were
considered as potential etiological risk factors for AAA,
while the other registrations represented the presence of
concomitant cardiovascular disease.

In this material, there is a significantly higher number of
smokers in the AAA group (compared to participants with
aortic diameter < 30 mm), and in the sub-aneurysmal group
(compared to participants with aortic diameter < 25 mm).
No such difference was found among past smokers;

however, the questionnaire did not differentiate on when
the participants quit smoking. Other investigators have
found that current smokers have a higher risk of developing
AAA than past smokers.'®'®*> Smoking has also been
associated with higher aneurysm growth rate and progres-
sion of sub-aneurysmal aortas to AAAs.”?®7 In recent
recommendations published by the US Preventive
Services Task Force, it is concluded that, most likely there
is little benefit in screening elderly men who have never
smoked.*® In Norway, the prevalence of smokers has
decreased during the last decades, according to Statistics
Norway the number of daily smokers decreased from 42%
to 9% during the period 1973-2020, and its effect on the
future prevalence of AAA remains to be investigated.*'

In this study, 53% of men with AAA reported to have
hypertension, which is significantly higher than for men
with aortic diameters <30 mm (39.9%). In a systematic
review and meta-analysis from 2004, Cornuz et al found

a weak positive association between hypertension and
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AAA, while a recent meta-analysis suggests that hyperten-
sion increases the risk of developing AAA by 66%.***
A review by Takagi et al showed no association between
hypertension and AAA growth.**

Obesity was an independent, but weak risk factor for
AAA in our study. A Swedish observational cohort study
did not reveal an association between BMI and AAA in men
and women aged 46—84 years, but they found an increased
risk of developing AAA in individuals with abdominal
adiposity.*’ A systematic reviews from 2013 however, sug-
gests a positive association between BMI and AAA.*¢

Diabetes mellitus was negatively associated with AAA.
Recent meta-analyses suggest that in individuals with diabetes
mellitus, the risk of developing AAA is reduced by 42%, and
that the AAA growth in non-diabetic patients is slower com-
pared to patients with diabetes.*”*® The biological pathways
that are considered to limit AAA growth include effect on
extracellular matrix, formation of glycation end-products and
reduced inflammation. Medications, such as Metformin, used
to treat diabetes mellitus may also limit the progression of
AAA.**° Moreover, diabetes mellitus is an important deter-
minant of mortality following surgical treatment of AAA.'
An ongoing prospective multicenter study in Norway aims to
investigate the relationship between glycemic status and mor-
tality in treatment of AAA (ABANDIA).

Concomitant existence of cardiovascular disease
was not surprisingly predominant in the AAA group,

as AAA shares a lot of similarities with atherosclerotic
disease. In this study, a significantly higher prevalence
of ABI < 0.9 in the AAA group was found (compared
to participants with aortic diameter < 30 mm), but not
in the sub-aneurysmal group (compared to participants
with aortic diameter < 25 mm). ABI is highly specific
(99%) and sensitive (94-97%) for the detection of
high-grade stenoses in PAD.’® In the AAA group,
12.5% reported to experience claudication, whereas
only 6.4% reported this in the group with normal aortic
diameter, and this corresponded to the measured ABI.
It is interesting that only 15.5% of the men with AAA
had an ABI < 0.9, and the prevalence of ABI < 0.9 was
surprisingly low (6.7%) among all 65-year-old men
screened in Oslo. A meta-analysis from 2016 found
a positive correlation between PAD and AAA, and
a negative correlation between PAD and aneurysm
growth.>? Lin et al recently published data on 6590
people with AAA, and found an increased risk of
developing PAD in this cohort.”

Studies have shown a significant correlation between
AAA and three-vessel coronary artery disease
(CAD)."®3*3¢ The prevalence of AAA in patients with
CAD has been reported to be higher than in the general
population, and the severity of the disease seems to effect
the prevalence.’>>® We find it interesting that the preva-
lence of MI is 20% in the AAA group in the present study,
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whereas it is 8.6% in the sub-aneurysmal group and 8.3%
in the group with normal aortas.

Participants in the AAA group more often reported
a history of stroke, whereas for TIA there was no signifi-
cant difference. The risk factors and comorbidities were
self-reported by the participants, and whether they were
able to discriminate between stroke and TIA could influ-
ence these results. An association between a history of
stroke and AAA in women was found by Chabok et al.>’
Other investigators have also found a higher prevalence of
AAA in patients with stroke or TIA.>%%

A systematic review by Fleming et al shows an
increased risk of developing AAA in individuals with
a family history of AAA.>* In our material, both in the
AAA group and in the sub-aneurysmal group, the preva-
lence of a family history of AAA was significantly higher
than that found in the group with aortic diameter < 30 mm
and <25 mm, respectively. Unfortunately, not enough data
was obtained from the participants to analyze this as
a potential risk factor with regression analyses.

As participation ranged from 63.3% to 77.6% annually,
the results must be interpreted with caution. We have no data
on the remaining population of the invited 65-year-old men,
and it would be of interest to study this group and their risk
factors in the future. In addition, there are regional differ-
ences in health behavior in Norway, and the healthiest part of
the population lives in the capital (Statistics Norway, survey
on health 2015). Whether there are regional differences in the
AAA prevalence in Norway remains to be studied.

For future similar studies, our recommendation would be
to translate invitation letters to different languages addres-
sing the increasing heterogeneous population in our society
today. Moreover, a second invitation would increase partici-
pation rate. To improve the effect of screening, one could
consider to include a follow-up program for all participants
with AAA. This requires, however, extended resources.

Conclusions

Screening for AAA in 65-year-old men in Oslo revealed
a prevalence of 2.6%. In the AAA group, we found
a higher prevalence of risk factors and comorbidities, such
as smoking, overweight and cardiovascular disease. We
found four independent risk factors for AAA: smoking,
hypertension, obesity and diabetes mellitus, the last having
an inverse effect. The data also suggest that people with sub-
aneurysmal aortas are at risk of developing AAA. This high-
lights the potential health benefit of offering follow-up ultra-
sonographies to individuals in this group. Furthermore, the

data indicate that individuals with certain risk factor profiles
more often develop AAAs, which may give a rationale for
selective, risk factor-based screening and follow-up.
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