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Abstract

Background—The objectives were to answer the following questions using a well-characterized

population in Liège, Belgium: 1) what percentage of abdominal aortic aneurysm (AAA) patients

have a positive family history for AAA, 2) what is the prevalence of AAAs among relatives of

AAA patients; and 3) do familial and sporadic AAA cases differ in clinical characteristics.

Methods and Results—Unrelated AAA patients diagnosed at the Cardiovascular Surgery

Department, University Hospital of Liège, Belgium, between 1999 and 2012 were invited to the

study. A detailed family history was obtained in interviews and recorded using Progeny software.

In the initial interview 62 (10%) of the 618 AAA patients reported a positive family history for

AAA. We divided the 618 patients into two study groups: Group I: 296 AAA patients (268; 91%

males) were followed up with computerized tomography combined with positron emission

tomography, and Group II: 322 AAA patients (295; 92% males) whose families were invited to

ultrasonography screening. Ultrasonography screening identified 24 new AAAs among 186

relatives (≥ 50 years) of 144 families yielding a prevalence of 13%. The highest prevalence (25%)

was found among brothers. By combining the number of AAAs found by ultrasonography

screening with those diagnosed previously the observed lifetime prevalence of AAA was

estimated to be 32% in brothers. The familial AAA cases were more likely to have a ruptured

AAA than the sporadic cases (8% vs. 2.4%; P<0.0001).

Conclusions—The findings confirm previously found high prevalence of AAA among brothers,

support genetic contribution to AAA pathogenesis and provide rationale for targeted screening of

relatives of AAA patients.
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INTRODUCTION

Abdominal aortic aneurysms (AAAs) are a common complex disease with both

environmental and genetic risk factors.1–5 The aggregation of AAA in families was first

reported in the 1970s and 1980s.6–9 The largest collection of 233 AAA families was

published in 2003.10

Familial clustering of AAA has also been documented in twin studies.11 The Swedish Twin

Study based on data available on all twins born in Sweden since 1886 with 172,890 twins

registered identified 265 twins with an AAA.11 Monozygotic (identical) twins had a 24%

probability of having an aneurysm if the other twin had an AAA, whereas the probability

was only 4.8% in dizygotic twins. Phenotypic variance determined by genetic factors was

estimated to be 70% and non-shared environmental effects 30%.11

The objective of the current study was to analyse the results of the Liège AAA Family Study

consisting of 618 unrelated AAA patients diagnosed at the University Hospital of Liège to

answer the following questions: 1) what percentage of AAA patients (referred here as “AAA

probands”) have a positive family history for AAA, 2) what is the prevalence of AAA

among the relatives of AAA probands, and 3) do familial AAA (FAAA) cases differ from

non-familial (sporadic) AAA cases in clinical characteristics.

METHODS

Patient and Data Collection for the Liège AAA Family Study

The Liège AAA Family Study includes a total of 618 unrelated AAA patients (563 men,

91%), diagnosed at the Cardiovascular Surgery Department, University Hospital of Liège,

CHU, Liège, Belgium, between 1999 and 2012 (Table I, Figure 1). The term proband will be

used for each of these 618 AAA patients, since each of them was the first affected person in

their families who came to our attention. All of the probands were of European ancestry.

Pedigrees of the 618 AAA probands were constructed using Progeny (Progeny software

LLC, South Bend, IN, USA). We used the Johnston et al.12 definition of AAA—a diameter

of infrarenal aorta ≥3 cm—which has been used by other investigators.13, 14 Individuals with

heritable connective tissue disorders, such as Marfan syndrome or the vascular type of

Ehlers-Danlos syndrome, were excluded. The study was approved by the Ethics Committee

of the University Hospital of Liège, CHU, Liège, Belgium.

We divided the 618 probands into two study groups (Figure 1). Group I: 296 AAA probands

(268; 91% males) were diagnosed at the Cardiovascular Surgery Department, University

Hospital of Liège, CHU, Liège, Belgium, between 2008 and 2012 and were followed up

with computerized tomography combined with positron emission tomography (PET-CT).

Group II: 322 AAA probands (295; 92% males), operated on at the Cardiovascular Surgery

Department, University Hospital of Liège, between 1999 and 2003, either as elective repair
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(n=317) or emergency operations for ruptured AAA (n=5), and whose families were invited

to ultrasonography (US) screening. In the current report, we describe the findings of the

family studies based on these two groups, whereas the PET results on AAA progression will

be reported elsewhere. Our group uses PET extensively to study AAA pathogenesis and

rupture risk.15–17

Ultrasonography Screening of Relatives

Consent for contacting the family members of Group II AAA probands was obtained, and

the available relatives were invited to the US screening study. Both the AAA probands and

their spouses were interviewed, whenever possible, to gather information for constructing

the pedigrees. Personnel specifically trained for this study contacted the first-degree

relatives of the AAA patients, as well as the spouses, and invited them to participate in the

study. A small number (n=9) of other relatives was also screened. Written informed consent

was obtained from the participants who agreed to US examination of the abdominal aorta. If

an US examination or an equivalent examination such as CT scan had been completed

within the last 6 months, a copy of the report was requested and no additional US

examination was done.

Participants to the US screening were also asked to complete a questionnaire about their

general health information (smoking history, past medical history on hypertension,

hypercholesterolemia, heart disease, peripheral vascular disease and diabetes) as well as sex,

race and age.

Ultrasonography Screening of Spouses

Spouses of the AAA probands were also invited to US screening. The spouse group could

serve as a control group, since most of the time spouses are exposed to similar

environmental exposures, eat the same food and live in the same house.

Statistical Methods

Statistical analysis was carried out by using Fisher’s exact test as implemented in Statistical

Analysis Software (SAS V.9.3 for Windows, SAS Institute Inc., Cary, NC). Odds ratios

(ORs) and 95% confidence intervals (CIs) were calculated for prevalence of AAA among

family members and risk factors such as smoking, hypertension, and hypercholesterolemia.

Observed lifetime prevalence of AAA was calculated by combining the number of already

known AAA cases with the number of asymptomatic AAA cases identified in this study

using US screening.

RESULTS

The Liège AAA Family Study

Investigators at the University Hospital of Liège, Belgium, have recruited a total of 618

AAA probands into the Liège AAA Family Studybetween 1999 and 2012 (Table I).

Majority (563; 91%) of these patients were male. The cardiovascular risk factor profile for

these patients is summarized in Table I. Majority (520; 84%) of the patients were either
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current or past smokers. In the initial interview, altogether 62 (10%) of the probands

reported a positive family history for AAA and were designated as FAAA probands. US

screening identified relatives with AAA in 17 additional families bringing the total number

of FAAA probands to 79 (13%) (see below for details).

We present the 618 probands here as two study groups based on the time period of

recruitment and the type of follow-up studies carried out: 1) Group I: 296 AAA probands

(268; 91% males; Table II) who were followed up with PET-CT, and 2) Group II: 322 AAA

probands (295; 92% males; Table III) whose families were invited to US screening.

Extensive family history questionnaire was administered to both groups.

Characteristics of the 296 AAA probands in Group I are summarized in Table II. The mean

±SD aortic diameter was 44.8±9.7 mm (range 33 – 100 mm). Altogether 168 (57%)

probands underwent elective AAA repair surgery, seven (2.4%) were operated on for

ruptured AAA, and the remaining 121 (41%) patients had AAAs <55 mm and were,

therefore, under surveillance. In Group I, 42 (14%) probands reported a positive family

history for AAA. Based on the interview, there were 55 relatives with AAA (14 brothers, 15

fathers, seven mothers, five sisters, two grandfathers, one son, one daughter and ten other

relatives). Most (32) FAAA probands had only one known affected relative, seven had two

affected relatives and three had three affected relatives.

Comparison of the clinical characteristics of FAAA and sporadic probands in Group I (Table

II) revealed no significant differences except FAAA cases were less likely to have heart

disease (P=0.036) and they were on average two years younger than their sporadic

counterparts (P=0.030).

Ultrasonography Screening Study

To estimate the prevalence of AAA among relatives of AAA patients, Group II AAA

probands were contacted to invite their relatives for US screening. During the initial

interview of the 322 Group II probands we found out that 20 (6.2%) probands had a positive

family history for AAA with a total of 29 known AAA cases. In addition, we were able to

collect information on 774 living relatives with no known AAA who were then invited to the

US screening (Figure 1). Of these, 303 (39%) could not be reached, 264 (34%) lived outside

Liège or were too young (< 50 years) and 21 (2.7%) refused participation. Altogether, 186

relatives, who were ≥ 50 years, from 144 independent families participated in the US

screening program (Figure 1 and Table III). In addition, 78 relatives < 50 years of age were

screened since they were so concerned about their risk of AAA that they attended the

screening events together with their older relatives (Table III). We report the results for

these two age groups separately, since increasing age is a known significant risk factor for

AAA (Table III).

We also offered US screening to spouses. A total of 226 AAA probands had a spouse, 45 of

whom (two spouses were deceased and 179 did not participate for other reasons)

participated in the study and had an abdominal US examination. None of them had an AAA.

Unfortunately the participation rates were too low and the number of screened spouses was

only 45 making it impossible to provide any meaningful statistics. The spouses did,
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however, contribute to the study by helping with the collection of the family history

information.

When family information was gathered, we found out that 10 relatives (eight brothers, one

son and one other relative) of the AAA probands in the 144 families that participated in the

US screening, were already known to have an AAA (Table III, Figure 1). These diagnoses

were confirmed using medical records, but no other risk factor information was readily

available on these 10 individuals.

From the participants, 150 siblings (69 brothers and 81 sisters) representing 44% (150/341)

of all known living siblings, 30 children (13%, 30/233), two mothers and four other relatives

of 144 AAA probands were at least 50 years old and had an abdominal US examination as

part of this screening program (Figure 1 and Table III). Table III summarizes the results of

the US screening for AAA in these groups. Seventeen of the 69 brothers (25%), three (3.7%)

of the 81 sisters, one of 15 (6.7%) sons, one of 15 (6.7%) daughters, and two of four other

relatives of the AAA probands screened were found to have an AAA. The overall

prevalence of AAA among all the screened relatives who were ≥ 50 years was 13%

(24/186). The highest prevalence of 25% was found among brothers (Table III). Among the

78 relatives < 50 years of age, only one person, a son, was found to have an AAA. It is also

of interest to note that within six years of the initial US screening, 16 relatives who could

not be reached when the initial US screening was conducted, developed an AAA. These 16

individuals were not included in the analyses.

By combining the number of AAAs found by US screening to those diagnosed previously in

the 144 families, the observed lifetime prevalence of AAA was estimated. AAA was present

in 32% of the brothers (25/77) and 3.7% of the sisters (3/81) of the AAA patients (Table III).

The observed lifetime prevalence of AAA was 18% (28/158) among the siblings of the 144

AAA probands, and 18% (35/196) among all the relatives who were ≥ 50 years old.

When comparing the characteristics of the relatives (who were ≥ 50 years old) with and

without AAA in the US screening study, as expected, male relatives had a higher prevalence

of AAA than female relatives (22% vs. 5%; Table IV). The mean age of the 24 relatives

with AAA was 70±9.5 years, with the youngest person being 50 years and the oldest 87

years of age (Table V). Five (21%) of them were younger than 65 years old (Table IV).

Among both males and females, older relatives had a higher prevalence of AAA (Table IV).

Comparison of other known risk factors for AAA between the relatives (who were ≥ 50

years old) with or without AAA showed that fewer of the relatives without AAA had heart

disease (Table V). Also, only 42% of the relatives without AAA were current or past

smokers, whereas the percentages were 85% and 54% in the AAA probands and their

affected relatives, respectively (Table V). The risk of AAA among smokers was OR (95%

CI) = 3.2 (1.7–5.9) in males, OR = 7.5 (2.1–10) in females, and OR = 6.7 (4.3–10) in the

entire group of 346 AAA patients in Group II compared to the 162 relatives without AAA

(Table VI).
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Comparison of Clinical Features between FAAA and Sporadic AAA

It is of interest to note that there were 15 ruptured AAAs among the 79 FAAA probands and

their 109 affected relatives in Group I and II combined yielding a rupture rate of 8%,

whereas there were only 13 ruptured AAAs among the 539 sporadic AAA probands

resulting in a rupture rate of 2.4% (P<0.0001). Another notable difference was in the

number of probands with heart disease: FAAA probands were less likely to have heart

disease than the sporadic AAA probands (28% vs. 40%; P=0.042; Table I).

Estimation of Familial Prevalence of AAA

After combining the results of the family history interviews and the US screening program, a

total of 79 (13%) of the 618 Liège Family Study families had at least two affected

individuals (Figure 1). Most (57; 72%) of the families had two affected family members, 15

(19%) had three affected individuals and seven (8.9%) had four or more affected

individuals. In Figure 2, two families are shown with three and six family members

diagnosed with AAA. As can be seen, most of the individuals were diagnosed with AAA in

their 60’s to 80’s.

DISCUSSION

Three different approaches have been used to estimate the prevalence of AAA among family

members of AAA patients: 1) collect family information from the proband using interviews

and family history questionnaires (Table VII); 2) screen the family members with aortic

imaging for detection of asymptomatic AAAs (Table VIII); and 3) use national registries to

identify related individuals from hospital discharge and cause of death data bases.18 In the

current study we employed the first two approaches in the Liège AAA Family Study

consisting of 618 unrelated AAA patients diagnosed at the University Hospital of Liège,

Belgium.

Studies using interviews summarized in Table VII found that 12% (range 6 – 36%) of AAA

patients have relatives with AAA. Interviews allow inclusion of family members that may

not be able to attend an US screening examination but the study relies on the patient or

relative to provide accurate medical information of the family. It also requires that the

relatives must already have a diagnosis of AAA leaving out asymptomatic, undiagnosed

AAA cases.

One of the earliest interview studies, carried out by Johansen and Koepsell in 1986, found

that 19% of the AAA patients interviewed had relatives who were also diagnosed with

AAA.19 In contrast, only 2.4% of individuals without AAA knew of any relative with AAA

in their families. Johnston and Scobie20 reported on 666 patients that underwent surgery for

non-ruptured AAA and found positive family history for AAA in only 6.1% of these

patients. A higher proportion (9.2%) of 985 aneurysm patients (with at least a 4 cm

aneurysm) studied by Lederle et al.21 reported a positive family history for AAA. In the

current study 10% of the AAA probands reported a positive family history of AAA in the

initial interview.
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Due to the potential limitations of interviews, the prevalence of AAA among family

members could be estimated based on US screening allowing for the accurate determination

of an AAA in asymptomatic family members. Summary on all studies that screened family

members for AAA with an aortic US examination are presented in Table VIII. The overall

prevalence of AAA in these studies was 12% (range 0 to 30%) among all relatives. The

large range of prevalence most likely reflects the study group analyzed. For example, if a

group had a larger percentage of smokers, the incidence would be increased due to the

additive risk factor of smoking.22 Because of the associated costs, all of these studies were

relatively small with 300 or fewer participants. The current study is among the largest with

264 relatives, 186 of whom were ≥50 years old, screened by US.

The risk of AAA depends greatly not only on smoking but also on sex as displayed also in

the current study (Tables I–VI). A brother of an AAA patient has a 20% overall risk of

developing an AAA as compared to an overall risk of 5.6% in a sister (Table VIII).

Regardless of sex, the prevalence of AAA in relatives of AAA patients is increased as

compared to the general population. Based on a necropsy study from Malmö, Sweden23, of

45,838 autopsies performed from 1958–1986, the overall prevalence of AAA was 3.2%,

4.3% in males and 2.1% in females. A large US screening study on 73,451 veterans in the

USA identified 3,366 aneurysms that were ≥3 cm giving an overall prevalence of 4.6%.21

About 76% of the veterans were ever smokers, and therefore at high risk for aneurysm

development. The ORs for smoking in the current study (Table VI) were comparable to the

ORs in the US screening study of veterans. 21 Another US screening study examined 8,234

Italians, age 65 years or greater and found a 6.2% prevalence of AAA.24 The high

prevalence in this particular study was likely due to the advanced age of the participants.

Consistent with these findings, in the current study the prevalence of AAA was also higher

among relatives of ≥65 years as well as in smokers.

A study using the Swedish Twin Registry obtained estimates of genetic and environmental

contributions to AAA development.11 Based on hospital discharge codes 265 twins with

AAA were identified in the registry. The number of monozygotic twin pairs, in which both

had AAA, was only seven, whereas the number of discordant (only one of the twins in the

pair had AAA) monozygotic twin pairs was 44. Thus the probability of the other twin to

have AAA, if his/her twin pair had an AAA, was 24%. In contrast, the prevalence of AAA

among brothers of AAA patients has been reported to be between 20 and 43% in eight

independent studies including the current study (Table VIII). Additional risk factors, such as

smoking, as well as geographical differences, could increase the AAA risk among brothers

from that predicted by genetics alone.

Two recent studies on clinical management of FAAA have provided important insights.25, 26

One of the studies found poorer outcomes with FAAA than sporadic AAA patients after

endovascular aneurysm repair26, and the other study reported greater involvement of other

aortic sections in familial forms of aortic aneurysms.25

Our study is one of the largest studies investigating the role of positive family history of

AAA with 618 probands (Tables VII and VIII). The limitations of the current study are

similar to previous studies and include 1) difficulty in obtaining a detailed and accurate
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family history from study participants; and 2) low participation rates by the relatives to the

US screening. Despite these limitations the results seem consistent with previous literature

(Tables VII and VIII) and between Groups I (interview only) and II (interview and US

screening) in the current study. With additional funding future studies of similar nature

could be improved by implementing use of portable US units to reach the relatives in more

distant areas and making it easier for the participants to attend US screening. Such studies

should also have a plan for follow-up measurements to be able to calculate growth rates.

Incorporating blood draws into the work flow and storing the samples in a biobank for future

genetic studies is also needed.

In conclusion, family history is an important risk factor for the development of AAAs and

can be utilized to help identify patients at high risk for AAA development. The highest

prevalence of AAA was found among brothers. Clinically the FAAA cases differed from

sporadic cases in two study metrics: 1) they were more likely to have a ruptured AAA (8%

vs. 2.4%; P<0.0001), and 2) they were less likely to suffer from heart disease. With

improved population screening in Liège, rupture rates have continued to decline, but the

elevated rates in FAAA group are still noticeable.27 Identification of genetic risk factors for

AAA is likely to provide means for more accurate targeted screening of patients at higher

risk for AAA development. Until such genetic markers are available for clinical use, family

history of AAA provides a useful proxy for finding individuals benefiting from US

screening to detect AAA. Furthermore, operative management of individuals with FAAA

could differ due to a higher rate of complications. The results presented in this study are

likely to be generalizable to the populations of Western countries with similar risk factor

profiles including smoking patterns.28
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Figure 1.
Outline of the Liège AAA Family Study with 618 Probands. The objectives of the study

were to determine 1) what percentage of AAA patients (referred here as “AAA probands”)

have a positive family history for AAA, 2) what is the prevalence of AAAs among relatives

of AAA probands, and 3) whether familial AAA (FAAA) cases differ from non-familial

(sporadic) AAA cases in clinical characteristics, using a well-characterized population in

Liège, Belgium. US, ultrasonography; AAA, abdominal aortic aneurysm. The number of

individuals in each group and the proportion (%) are indicated. For the US screening,

relatives ≥ 50 years of age were invited to participate and the numbers shown represent this

age category.
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Figure 2.
Two AAA families from the Liège AAA Family Study. The proband in each family is

indicated with an arrow. Slash across symbol means death. Black squares and circles, males

and females, respectively, with AAA. NA, the person did not participate in US screening.

US, the person had ultrasonography examination which showed no AAA. The number

below each symbol indicates the age of the person at the time of recruitment, which for most

individuals was also the age at the time of AAA diagnosis. If these two ages differed, the

age at diagnosis is shown in parenthesis.
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