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Abstract

Background—Abdominal aortic aneurysms (AAAS) are frequently familial. The aim of this study
was to compare the prevalence of AAA among the siblings of AAA patients to that in the spouses’
siblings.

Methods—The siblings of 375 AAA patients and the siblings of the spouses of the AAA patients
were included in this study and offered ultrasonography screening for AAA. Participants were asked
to complete a questionnaire to collect demographic and general health information. Statistical
analysis was carried out using Fisher’s exact test. Odds ratios and 95% confidence intervals were
also calculated.

Results—Abdominal ultrasonography examination was carried out for 309 individuals. The results
indicated that 11 of 98 (11.2%) brothers of AAA patients, 4 of 147 (2.7%) sisters, and none of the
64 siblings of the spouses of the AAA patients were found to have an AAA. Combining the
information from the ultrasonography screening and medical records on already known cases of AAA
in these families, altogether 29.0% (44/152) of the brothers of AAA patients, 11.1% (20/181) of the
sisters of AAA patients, and 2.3% (2/88) of the siblings of the spouses had an AAA.

Conclusion—There was a significant difference between the siblings of the AAA patients and
those of the spouses both in the frequency of AAA detected by ultrasonography screening and in the
overall prevalence of AAA. The overall prevalence of AAA in the siblings of AAA patients was
about 8 times that observed among the siblings of their spouses (19.2% vs. 2.3%). These findings
confirmed previous reports on high prevalence of AAA among siblings of AAA patients and
emphasized the importance of an ultrasonography screening program for siblings of AAA patients.

An estimated 1-2% of the population harbor abdominal aortic aneurysms (AAAs).l The
mortality of a ruptured AAA is as high as 80-90% and rupture of an AAA accounts for a
significant fraction of deaths, especially among older men.? In contrast, the mortality for
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elective open surgery, prior to rupture, is only 2-6%.3: 4 Early diagnosis of AAA prior to
rupture is, therefore, important for patients’ survival.

AAA:s are frequently familial. >~/ Approximately 15% of patients with AAA and without any
recognizable connective tissue disorder, such as the Ehlers-Danlos syndrome or the Marfan
syndrome, have a positive family history for AAA see’

We carried out an ultrasonography screening study on the siblings of AAA patients, and used
the spouses’ siblings as controls. The aims of the study were 1) to determine the prevalence of
AAA among the siblings of known AAA patients in a well characterized population (Nova
Scotia); and 2) to compare the observed life-time prevalence of AAA among siblings of AAA
patients to that in the spouses' siblings with the assumption that they shared similar
environmental exposures and cultural habits and were, therefore, well-matched controls for
the study.

PATIENTS AND METHODS

A definition of AAA by Johnston et al8 (a diameter of infrarenal aorta >3 cm) was used. This
definition has been used by other investigators.gv 10 Of the 375 AAA patients (male; n=292,
77.7%), 254 individuals had been operated on at the Dalhousie University Hospitals in Halifax,
Canada, between 1992 and 2003 either as elective repair (n=187) or emergency operations
(n=67). The remaining 125 AAA patients were not operated on due to their general health
status or because the size of the aneurysm was less than 5 cm. We will use the term proband
for each of these 375 AAA patients, since each of them was the first affected person in their
families who came to our attention. We started to recruit AAA patients for the study in 1999,
and enrolled retrospectively 315 AAA patients who were operated on or diagnosed with AAA
between 1992 and 1999 and agreed to participate in the study. The patient information from
this time period was in an AAA database. Patients to be contacted by phone were selected
randomly from this database. In addition, we had an on-going prospective recruitment during
1999 to 2003 and altogether, 60 AAA patients from this time period agreed to participate in
the study. The average age of the 375 AAA patients was 72.1+7.2 years. Ninety percent of the
AAA patients were Caucasian (n=335). Pedigrees of the 375 AAA probands were constructed
and consent for contacting the family members was obtained. Both the AAA probands and the
spouses were interviewed whenever possible to gather information for constructing the
pedigrees. The study was restricted to individuals who were 50 years or older. The first-degree
relatives and spouses of the AAA patients as well as the first-degree relatives of the spouses
were contacted by personnel specifically trained for this study, and invited to participate in the
study. Written informed consent was obtained from the participants who agreed to
ultrasonography examination of the abdominal aorta. If an ultrasonography examination or an
equivalent examination such as computerized tomography (CT) scan had been completed
within the past six months, a copy of the report was requested and no additional ultrasonography
examination was done.

Participants were asked to complete a questionnaire about their general health information
(smoking history, past medical history for hypertension, hypercholesterolemia, angina,
peripheral vascular disease and diabetes) as well as gender, race and age.

Observed life-time 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
ultrasonography screening.

The study was approved by the Capital Health Research Ethics Board, Nova Scotia, Canada,
and the Institutional Review Board of Wayne State University.
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Statistical analysis was carried out using Fisher’s exact test. 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.

Only the siblings of the AAA probands and the siblings of the spouses were included in the
statistical analyses since the numbers of first-degree relatives other than siblings from the AAA
probands’ families and the spouses’ families were small.

Initial interview of the 375 AAA probands indicated that 232 of the probands had a spouse and
that there were a total of 2,175 individuals who belonged to one of these two categories: 1)
siblings of the AAA probands (n=1,703); or 2) siblings of the spouses (n=472) (Figure 1).
Many of them (850; 39.4%), however, were deceased and, therefore, not available for the
ultrasonography study. Of the 1,325 living individuals, 904 (68.2%) individuals, 655 siblings
of the AAA probands and 249 siblings of the spouses were excluded from the study for the
following reasons: 1) resided outside Nova Scotia (n=377; 28.5%), 2) refused to participate in
the study (n=142; 10.7%), 3) poor health (n=122; 9.2%), 4) no response to invitations (n=115;
8.7%), 5) no contact information (n=80; 6.0%), 6) under 50 years old (n=46; 3.5%), or 7) other
(n=22; 1.7%). As shown in Figure 1, the two sibling groups had similar dropout rates for each
of these categories. Altogether 421 individuals (421/1,325, 31.8%) from 187 AAA probands
participated in the study (Figure 1): 333 siblings of the AAA probands (333/988, 33.7%), and
88 siblings of the spouses (88/337, 26.1%).

Although 177 of the 232 spouses (18 of spouses were deceased and 32 did not participate for
other reasons) participated in the study and 151 of them had an abdominal ultrasonography
examination, we excluded them from the statistical arm of the study and present the comparison
for the sibling groups only, since most of spouses of the AAA probands were female (81.4%,
144/177).

When family information was gathered, we found out that 49 siblings of the AAA probands
and 2 siblings of the spouses were already known to have an AAA (Figure 1). In addition, 39
siblings of the AAA probands and 22 siblings of the spouses had had an abdominal
ultrasonography examination or CT scan in the past six months and were found to have an
aorta of normal diameter, and were, therefore, not re-screened. These findings indicated that
26.5% [(49+39)/333] of the siblings of the AAA probands and 27.3% [(2+22)/88] of the
siblings of the spouses had already had abdominal ultrasonography examination prior to the
current study.

From the participants, 245 siblings of 132 AAA probands (73.6%, 245/333) and 64 siblings
of 39 spouses (72.7%, 64/88) had an abdominal ultrasonography examination (Figure ). Table
I shows the results of the ultrasonography screening for AAA in the two sibling groups. Eleven
of the 98 brothers (11.2%) and 4 of the 147 sisters (2.7%) of the AAA probands screened were
found to have an AAA. The overall prevalence of AAA in siblings of the 132 AAA probands
based on ultrasonography screening was 6.1% (15/245). No AAA was detected in the siblings
of the 39 spouses (0/64, 0%). There was a significant difference in the prevalence of AAA
detected by ultrasonography screening between the siblings of the AAA probands and the
siblings of the spouses (P=.043). When the siblings of the AAA probands were stratified by
age over or below 65 years old, the prevalence of AAA among the siblings of the AAA probands
over 65 years old was 8.5% (12/141), 16.7% (9/54) in males, and 3.4% (3/87) in females (Table
I1, online only). On the other hand, the prevalence of AAA among the siblings of the AAA
probands below 65 years old was 1.8% (1/57), 0% (0/21) in males, and 2.8% (1/36) in females.
There was, however, no significant difference in the prevalence of AAA between the two age
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groups (P=.054 in males, P=1 in females, and P=.11 in all siblings), probably due to the small
sample size.

Detailed demographic and clinical data were collected using a questionnaire from 177 siblings
of the AAA probands and 48 siblings of the spouses (Table I11). Age, number of males and
ever smokers, as well as the presence of hypertension, hypercholesterolemia, heart attack,
peripheral vascular disease and diabetes among the siblings of AAA probands were similar to
those among the siblings of the spouses. Relative risks of AAA among smokers in the siblings
of the AAA probands were: OR=4.7 in males, OR=4.3 in females, and OR=7.3 in all (Table
IV, online only).

Table V shows the observed life-time prevalence of AAA in the two sibling groups when taking
into account all the previously known cases of AAA and the new AAA cases identified in the
ultrasonography screening. Thirty percent (44/152) of the brothers and 11.1% (20/181) of the
sisters of the AAA patients had an AAA. The observed life-time prevalence of AAA in the
siblings of the 166 AAA probands was 19.2% (64/333). Five percent (2/42) of the brothers of
the spouses had an AAA but none of the sisters (0/46). The observed life-time prevalence of
AAA in the siblings of the 50 spouses was 2.3% (2/88). There was a significant difference in
the observed life-time prevalence of AAA between the siblings of the 166 AAA probands and
the siblings of the 50 spouses (male, P=.001; female, P=.01; all siblings, P=<.0001).

DISCUSSION

AAA:s are a complex multifactorial disease with genetic and environmental risk factors. Two
segregation studies provided formal statistical proof that a genetic model explains the familial
aggregation of AAA and suggested the presence of a major gene effect.11, 12 Recently, we
reported on a collection of 233 families with at least two individuals affected with AAAS We
also reported results on an unbiased, comprehensive genome-wide approach, namely DNA
linkage study for familial AAA using sex and family history as covariates, and identified
linkage to chromosomes 19g13 and 4q31,13 suggesting that these regions of the human genome
harbor genetic risk factors for AAA.

Previously reported risk factors for AAA include agin%, male gender, hypertension, smoking,
family history of AAA, and peripheral arterial disease. 4-16 Using the siblings of the spouses
as a control group in the current study, we made the assumption that the two groups shared
similar environmental exposures and had similar cultural habits, since all participants lived in
Nova Scotia, Canada. Also, these two groups were similar in terms of age, sex, and the presence
of previously identified risk factors for AAA (Table I11).

In this study, the prevalence of AAA in the siblings of the AAA probands detected by
ultrasonography screening was 6.1%, 11.2% in the brothers and 2.7% in the sisters (Table I).
The high prevalence values of AAA among the siblings are in agreement with previous
ultrasonography screening studies (Table VI).9’ 173 Combining all the published results,
114/666 brothers (17.2%) and 22/523 sisters (4.2%) of AAA patients were detected to harbor
an AAA. When we compared the siblings who were below 65 years old to those who were
over 65 years old in the families of the AAA probands, there was no significant difference in
the prevalence of AAA detected by ultrasonography screening (Table 11, online only). This
result might, however, be due to a small number of participants.

When combining the ultrasonography results to information about already known cases of
AAA in each family, the observed life-time prevalence of AAA in the siblings of the AAA
probands was 19.2%, 29.0% in the brothers and 11.1% in the sisters, and 8 times that observed
in the siblings of the spouses (2.3%), 6 times that in the males (29.0% vs. 4.8%) and 11.1%
vs. 0% in the females (Table 1V). All comparisons showed significant difference (male, P=.
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001; female, P=.01; all siblings, P=<.0001). The high observed prevalence of AAA in the
siblings of the AAA patients in the current study (19.2%) is in agreement with previous studies
based on interviews (6.1-35.7%).5¢¢7 The prevalence of AAA in the siblings of the spouses is
similar to the prevalence found in control groups or in general populations in previous
studies.2 see

Several prospective randomized ultrasonography screening studies for AAA have been carried
out and they have demonstrated cost-effectiveness of population-based ultrasonography
screening programs for AAA and a decrease in the number of aneurysm-related deaths.31~

Several recommendations have been made including a recent consensus statement, in which
Kent et al39 recommended ultrasonography screening for AAA for all individuals over 60
years of age and for those over 50 years of age with family history for AAA and the
recommendation by the US Preventive Service Task Force to screen for AAA in men aged 65
to 75 years who have ever smoked.40 In our study, the prevalence of AAA in the siblings of
the AAA probands detected by ultrasonography screening (6.1%, 15/245) was significantly
higher than that in the siblings of the spouses (0%, 0/64; P=.043). Our results support the
proposad39 of using family history for AAA as one of the screening criteria for AAA. Larger
studies are, however, required to determine, if those individuals with a positive family history
should be screened already at younger age.

Male gender is a strong risk factor for AAA.14 15,36 | this study, the prevalence of AAA
in the brothers of the AAA probands was almost 3 times that in the sisters (brothers 29.0% vs.
sisters 11.1%). Similar trend was observed in the group of the siblings of the spouses (brothers
4.8% vs. sisters 0%). Smoking is also a well-known risk factor for AAAL4 15 5 finding which
was confirmed in the current study (Table V).

The biggest limitation of our study was the high dropout of eligible participants, although the
dropouts were distributed equally between the AAA families and the families of the spouses.
Another limitation of the study was that the total number of living siblings of the spouses
(n=337) was much smaller than that of the siblings of the AAA probands (n=988). This was
partly due to the fact that 38% (143/375) of the AAA probands had no spouses. The average
size of the living sibship (=probands+sisters+brothers) participating in the study was 3.0 [(333
+166)/166] for the AAA proband families and 2.8 [(88+50)/50] for the spouse families,
suggesting that there was no systematic bias in the recruitment of the spouses’ siblings. In
addition, itis possible that the siblings of the AAA probands were more motivated to participate
in the ultrasonography screening, since they had an affected sibling and might feel that they
could benefit from knowing if they also had an AAA. Yet another limitation was the fact that
the risk factor information was self-reported by the participants without verification using
medical records. Our study demonstrated the difficulties in family studies of late-age-at-onset
deadly diseases, since approximately 40% of the siblings were no longer alive at the time of
recruitment.

In conclusion, this is the first study that compared the prevalence of AAA among the siblings
of AAA patients to that in the spouses’ siblings and demonstrated a high prevalence of familial
AAA. There was a significant difference between the siblings of the AAA patients and the
siblings of the spouses both in the prevalence of AAA detected by ultrasonography and the
observed life-time prevalence of AAA. These findings emphasize the importance of
ultrasonography screening for AAA among the siblings of AAA patients.
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r
‘ 1,703 Siblings ‘ ‘ 172 Siblings ‘
715 Deceased 135 Deceased
h 4 y
l G88 Alive siblings ‘ | 337 Alive siblings ‘
Excluded from the study (635. 66.3)* Excluded from the study (249, 73.9)*
I Resided outside Nova Scotia (285 28.8) il Resided outside Nova Scotia (92;27.3)
2) Refused to participate (97, 9.8) 2) Refused o participate (45, 13.4)
3) No response (94 9.5) T » 3) Poor health (40; 11.9)
1) Poor health (82 83) 4 No contact information (22; 6.5)
3) No contact information (58.5.9) 5) No response (21;6,2)
6} Under 50 years old (23.2:35) Q) Under 50 vears old (21;6.2)
7) Other (1 1.4) 7) Other (8;2.4)
4 y
333 Siblings from 166 families 88 Siblings from 30 families
participated in the study particinated in the study
Mo ulirasonography screening (n=_88) MNo ultrasonography screening (n=24)
1) Already known to have an AAA (n=49) - 1 1) Already known to have an AAA (n=2)
2) Had negative US in the past 6 months (n=39) 2) Had negative US in the past 6 months (n=22})
4 y
245 Siblings from 132 families 64 Siblings from 349 families
sereened by US screened by US
r y
15 had an AAA None had an AAA
Figure 1.

Outline of the Nova Scotia AAA study. The objective of the study was to determine the
prevalence of AAA among the first-degree relatives of known AAA patients (referred here as
“AAA probands”) in a well-characterized population in Nova Scotia, Canada. Secondly, we
examined two comparison groups, the spouses of the AAA probands, and the first-degree
relatives of the spouses with the assumption that they shared similar environmental exposures
and cultural habits. In the present study we report the findings on the comparison between the
two siblings groups, the siblings of the AAA probands and the siblings of the spouses. The
spouse group is smaller than the proband group, because 143 AAA probands had no spouses.
US, ultrasonography; AAA, abdominal aortic aneurysm.
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Table VI

Ultrasonography screening studies of AAA among first-degree relatives
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Authors Country Brothers " (%) Sisters” (%) Other (%)
Bengtsson et al. 198917 Sweden 10/35 (28.6) 3/52 (5.8)

Collin & Walton 198918 UK 4/16 (25.0) 0/15 (0)

Webster et al. 19911 USA 5/24 (20.8) 2/30 (6.7) 7/103 (6.8)
Adamson et al. 109220 UK 5/25 (20.0) 3/28 (10.7)

Bengtsson et al. 19922 Sweden 9/62 (14.5)
van der Lugt et al, 199222 The Netherlands 16/56 (28.6) 3/52 (5.8)

Adams et al. 199323 UK 4/23 (17.4) 1/28 (3.6) 6/23 (26.1)
Moher et al. 199424 Canada 9/48 (18.8)

Fitzgerald et al. 19952° Ireland 13/60 (21.7) 2/65 (3.1)

Larcos et al. 199525 Australia 0/52 (0)
Baird et al, 19959 Canada 7126 (26.9) 3/28 (10.7)

Jaakkola et al. 199627 Finland 4/45 (8.9) 1/78 (1.3)

van der Graaf et al. 199 The Netherlands 26/210 (12.4)

Salo et al. 1999%° Finland 11/238 (4.6)
Rossaak et al. 200130 New Zealand 4149 (8.2)
Current study* Canada 11/98 (11.2) 4/147 (2.7) 0/31 (0)
Total 114/666 (17.2) 22/523 (4.2) 37/558 (6.6)

*
Number of individuals identified with AAA/number of individuals examined by ultrasonography. The numbers listed in this table include only AAAs

detected by ultrasonography screening.

fOther refers to relatives other than sisters and brothers of the AAA patient, or the categories of relatives were not specified.

ilncludes only the ultrasonography screening arm of the current study (see Table ). Modified with permission from Kuivaniemi & Tromp. 8
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