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Abstract

Background: With increasing age, a downward shift
of the aorto-iliac bifurcation relative to the lumbar
spine occurs. A lower bifurcation position is an in-
dependent marker for adverse vascular aging and is
associated with increased burden of cardiovascular
disease (CVD) risk factors; however, the associations
between lower bifurcation position and CVD events
remain unknown.

Methods: Abdominal computed tomography scans
were used to measure the aorto-iliac bifurcation dis-
tance (AIBD, distance from the aorto-iliac bifurcation
to the L5/S1 disc space). Cox proportional hazard anal-
ysis was used to determine the independent hazard of
a lower bifurcation position (smaller AIBD) for incident
coronary heart disease (CHD, defined as myocardial in-
farction, resuscitated cardiac arrest, or sudden cardiac
death), CVD (CHD plus stroke or stroke death), and all-
cause mortality (ACM).

Results: In the 1,711 study participants (51% male), the
mean AIBD was 26 + 15 mm. After a median follow-up
of 10 years, 63 (3.7%) developed CHD, 100 (5.8%) devel-
oped CVD, and 129 (7.5%) were deceased. Compared to
the 4t quartile of AIBD (highest bifurcation position),
participants in the 1% quartile (lowest bifurcation po-
sition) had increased risk for CHD (hazard ratio (HR) =
1.5, 95% confidence interval (Cl): 0.8-3.0, P = 0.2), CVD
(HR = 1.8, 95% Cl: 0.9-2.7, P = 0.1), and ACM (HR = 2.2,
95% Cl: 1.3-3.6, P = 0.01). After adjustments for CVD
risk factors, the HR for ACM was no longer significant.

Conclusion: Despite being an independent marker for
adverse vascular changes in the aorta, a lower aorto-iliac
bifurcation position was not independently associated
with future CVD events. The opposing effects of athero-
sclerosis and stiffness in the aorta may, in part, explain
our null findings.

Copyright © 2016 Science International Corp.
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Introduction

The aorto-iliac bifurcation distance (AIBD) is the
distance (mm) from the aorto-iliac bifurcation to
the L5/S1 disc space and is used to determine the
position of the bifurcation relative to the lumbar
spine. Thus, a larger AIBD indicates a higher bifur-
cation position, while a smaller AIBD indicates a
lower bifurcation position. In two separate cohorts
(n =748, n =1,711), we found a lower bifurcation
position with increasing age, independent of car-
diovascular disease (CVD) risk factors [1, 2]. In the
Multi-Ethnic Study of Atherosclerosis (MESA), we
additionally found that atherosclerotic risk factors
of male gender, smoking, and hypertension were
associated with a lower bifurcation position [2].
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In contrast, diabetes and elevated triglycerides,
which are commonly associated with arterial stiff-
ness, were associated with a higher bifurcation
position. Associations of a lower bifurcation po-
sition with incident CVD events, however, remain
unknown. Thus, we sought to determine the asso-
ciations between a lower bifurcation position and
future coronary heart disease (CHD), which was
defined as myocardial infarction, resuscitated car-
diac arrest, sudden cardiac death; CVD, which was
defined as CHD plus stroke and stroke death; and
all-cause mortality (ACM).

Materials and Methods

Study Design and Participants

A detailed description of the MESA study design has been
published previously [3]. In brief, MESA is a multicenter, pro-
spective cohort designed to investigate the epidemiology of
atherosclerosis. Between July 2000 and August 2002, 6814
men and women (age 45-84 y), who were of Caucasian, His-
panic, African, and Chinese ethnicity and were free from clin-
ically manifest CVD, were recruited for baseline visits at six
US field centers: New York, New York; Baltimore, Maryland;
Winston-Salem, North Carolina, St. Paul, Minnesota; Chicago,
[llinois; and Los Angeles, California.

During follow-up visits between August 2002 and Sep-
tember 2005, 2,202 MESA participants who were represen-
tative of the study population were asked to participate in
an ancillary study that focused on abdominal aortic calci-
um. Of these, 2,172 agreed to participate. Individuals were
excluded if they were premenopausal or had a recent ab-
dominal computed tomography (CT) scan. The AIBD was
measured in 1,711 participants with identifiable bifurca-
tions and L5-S1 disk spaces on CT (method below). Signed
informed consent was obtained from all participants, and
institutional review board approval was obtained from all
participating institutions.

CVD Events

A detailed description of the adjudication process for CVD
events has been previously published [3]. Briefly, participants
or their next of kin (if participants were unavailable) were
contacted at intervals of 9-12 months by telephone, and
trained interviewers inquired about interim hospital ad-
missions, cardiovascular outpatient diagnoses, and death.
Medical records and death certificates were requested for
verification. Two physicians blinded to participants’risk fac-
tors reviewed the data, classified CVD events, and assigned
incidence dates. If disagreements persisted after adjudica-
tion, a full mortality and morbidity review committee made
the final classification. For the current study, CVD events in-
cluded CHD (myocardial infarction, resuscitated cardiac ar-
rest, or CHD death, CVD (CHD plus non-fatal or fatal stroke),
and ACM.

AIBD

Procedures for AIBD measurement have previously been
published [2]. Briefly, computer software (Osiris 4.19; Univer-
sity of Geneva, Geneva, Switzerland) was used to identify the
coordinates in the x-, y-, and z-planes for the aortic bifurcation
and the L5-S1 disk space. A straight distance between the aor-
tic bifurcation and the L5-S1 disc space was measured as the
difference of the z-plane coordinates (interclass correlation =
0.89; Figure 1).

Risk Factor Assessment

Participants completed standardized questionnaires at
baseline to obtain information on demographics, medical
history, and smoking history. A medication inventory was
performed, and patients were classified by their use of anti-
hypertensive or hypoglycemic medications. Systolic blood
pressure (SBP) was measured three times in the seated posi-
tion with a Dinamap model Pro 100 automated oscillometric
sphygmomanometer (Critikon, Tampa, FL, USA). The mean of
the final two measurements was used. Blood samples were
obtained after a 12-h fast for the measurements of total cho-
lesterol and high-density lipoprotein (HDL) cholesterol. Dia-
betes was defined as fasting plasma glucose > 126 mg/dL or
use of hypoglycemic medications.

Statistical Analysis

Cohort characteristics were summarized by means (SD) and
proportions. Analysis of variance was used to compare patient
characteristics. Kaplan-Meier curves and log-rank tests were
used to investigate differential survival among AIBD quartiles.
Cox proportional hazard regression was used to examine the
association of AIBD (continuous and quartiles) for incident
CHD, CVD, and ACM. Model 1 was unadjusted, and model 2
was adjusted for age, gender, ethnicity, smoking, diabetes,
SBP, hypertension medication use, and total and HDL choles-
terol. All analyses were conducted using PASW Statistics 20
(IBM Corp. 2011 Armonk, IL, USA). P-values < 0.05 (two-sided)
were considered significant.

Arrowv 1

Figure 1. Sagittal computed tomography image of the abdomen.
Arrow 1 = aorto-iliac bifurcation. Arrow 2 = posterior L5-S1 disc
space. Vertical line = aorto-iliac bifurcation distance (AIBD), which
was calculated from coordinates (X, Y, and Z) of arrows 1 and 2.

Forbang, N. et al.

Aortic Bifurcation and Incident Cardiovascular Disease



Orginal Research Article

158

Results

In the 1,711 participants (51% male), the mean
age was 65 £ 10 y, and the mean AIBD was 26 +
15 mm. Compared to the 4" AIBD quartile (highest
bifurcation position), the 15t AIBD quartile (lowest
bifurcation position) had more smokers and higher
SBP (Table 1). In our cohort, 63 (3.7%) CHD events,
100 (5.8%) CVD events, and 129 (7.5%) total deaths
occurred (Table 2). The log-rank survival tests
among AIBD quartiles for CHD (x* = 2.1, P = 0.05),
CVD (x*=3.8,P=0.3),and ACM (x> =15, P < 0.01)
are shown in Table 2. The Kaplan-Meier curves
of AIBD quartiles for ACM are shown in Figure 1.
The 1t AIBD quartile (lowest bifurcation position)
had the poorest survival followed by the 2, 37,
and 4™ quartiles (highest bifurcation position),
respectively.

Table 3 presents the Cox proportional hazard
regression of AIBD (continuous and quartiles) for
incident CVD events. In model 1 (unadjusted), the
per-standard deviation increase in AIBD (higher
bifurcation position) was significantly associated

Table 1. Cohort characteristics by AIBD quartile.

with reduced ACM (HR = 0.98, 95% Cl: 0.97-0.99,
P < 0.01) but not significantly associated with a de-
creased hazard for CHD (HR = 0.99, 95% CI: 0.97-1.0,
P = 0.2) and CVD (HR = 0.99, 95% Cl: 0.99-1.0,
P =0.06). Also in the unadjusted models, we found
that decreasing AIBD quartiles (lower bifurcation
position) were associated with stepwise increasing
hazard for CHD, CVD, and ACM. Compared to the 4
quartile of AIBD (highest bifurcation position), in-
dividuals in the 1st quartile (lowest bifurcation po-
sition) were 2.2 times as likely to experience ACM,
and this increase was the only significant finding (P
< 0.01). After adjustments for traditional CVD risk
factors of age, gender, ethnicity, smoking, diabetes,
SBP, hypertension medication use, and total and
HDL cholesterol, however, the associations of AIBD
(continuous and quartiles) for ACM were no longer
significant.

Discussion

In a multi-ethnic cohort of community-living
older adults, we found that a smaller AIBD (lower

N=1,711 Cohort Q1 Q2 Q3 Q4 P
AIBD, mm 6(15) 709 21(3) 31(3) 45 (8) <0.01
Age,y 65 (10) 69 (9) 65 (10) 63 (9) 61 (9) <0.01
Male 867 (51%) 54% (50) 49% (50) 49% (50) % (50) 037
Ethnicity
Caucasian 725 (42%) 43% (50) 42% (49) 40% (49) 45% (50) 048
Hispanic 427 (25%) 24% (43) 26% (44) 27% (44) 23% (42) 0.57
African 352 (21%) 22% (42) 18% (38) 21% (41) 21% (41) 0.45
Chinese 207 (12%) 11% (31) 14% (35) 12% (33) 11% (31) 0.29
Smoking 861 (50%) 58% (49) 49% (50) 45% (50) 50% (50) <0.01
Diabetes 5(13%) 12% (32) 11% (31) 14% (35) 3% (34) 0.63
Systolic blood pressure, mm Hg 127 (21) 130 (22) 127 (22) 126 (22) 123 (19) <0.01
Hypertension medication 35% 39 (49) 35 (48) 34 (47) 32 (47) 0.22
Total cholesterol, mg/dL 196 (35) 193 (35) 196 (34) 195 (51) 199 (35) 0.09
HDL cholesterol, mg/dL 51(15) 1(16) 52 (15) 50 (15) 51(15) 0.5

ACM = all-cause mortality; AIBD = aorto-iliac bifurcation distance; HDL = high-density lipoprotein; Q = quartile.

Data are means (SD), n (%). P represents quartile comparisons.

AORTA, October 2016

Volume 4, Issue 5:156-161



159

Original Research Article

bifurcation position) was significantly associated
with increased hazard for incident ACM. We also
found that this increased risk was explained by tra-
ditional CVD risk factors. No significant associations
were observed between the AIBD and incident CHD
and CVD; although, their trends were similar to that
of ACM.

Prior studies have reported a lower aorto-iliac bi-
furcation position with older age (age-related bifurca-
tion descent) [4, 5]. We were the first to report that in

Table 2. Log-rank survival test among AIBD quartiles for
CVD events.

N=1,711 X2 P
CHD, 63 (3.7%) 2.1 05
CVD, 100 (5.8%) 38 03
ACM, 129 (7.5%) 15 <001

ACM = all-cause mortality; AIBD = aorto-iliac bifurcation distance; CHD =
coronary heart disease (defined as myocardial infarction, resuscitated cardiac
arrest, and sudden cardiac death); CVD = cardiovascular disease (defined as
CHD plus stroke and stroke death).

two separate cohorts, one clinical and the other com-
munity-based, CVD risk factors were independently
associated with age-related bifurcation descent [1, 2].
Furthermore, in a multi-ethnic cohort, we reported
that atherosclerotic risk factors of age, gender, hyper-
tension, and smoking were independently associat-
ed with a lower bifurcation position. In contrast, risk
factors that are commonly associated with arterial
stiffness, such as diabetes and elevated triglycerides,
were associated with a higher bifurcation position.
We surmised that a lower bifurcation position may
be an independent marker for vascular aging and hy-
pothesized that a lower bifurcation position may also
be an independent marker for incident CVD events.
Supportive of our hypothesis, we found that de-
creasing AIBD quartiles (lower bifurcation position)
were associated with stepwise increasing risk for
incident CHD, CVD, and ACM. These findings, how-
ever, were only significant in unadjusted models
for ACM only, as the associations were attenuated
after adjustments for common CVD risk factors.
With older age, atherosclerotic changes in the aor-
ta are associated with increasing aortic diameter

Table 3. Unadjusted and adjusted Cox proportional hazard ratios of AIBD quartiles for CVD events.

CHD CVD ACM

N=1,711 HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P
Unadjusted model

AIBD, mm, per SD 0.99 (0.97-1.0) 0.2 0.99 (0.98-1.0) 0.06 0.98 (0.97-0.99) <0.01

Q4 (=36 mm) 1 [Ref] 1 [Ref] 1 [Ref]

Q3 (26-36 mm) 1.0 (0.5-2.1) 1.0 1.1 (0.6-2.0) 08 1.0 (0.6-1.8) 1.0

Q2 (17-26 mm) 1.1(0.5-24 0.8 1.2(0.7-2.1) 0.6 1.5(0.9-2.6) 0.1

Q1 (<17 mm) 1.5(0.8-3.0) 02 1.6 (0.9-2.7) 0.1 2.2(13-3.6) <0.01
Adjusted model*

AIBD, mm, per SD 1.0(0.99-1.0) 0.8 1.0 (0.98-1.0) 1.0 0.99 (0.98-1.01) 0.8

Q4 (=36 mm) 1 [Ref] 1 [Ref] 1 [Ref]

Q3 (26-36 mm) 0.8(04-1.7) 06 0.9 (0.5-1.6) 0.7 0.9 (0.5-1.6) 0.7

Q2 (17-26 mm) 09 (04-1.8) 0.7 1.0 (0.5-1.8) 09 1.1(0.7-2.0) 0.6

Q1 (<17 mm) 0.8(04-1.7) 05 09(0.5-1.7) 0.8 1.1(0.6-1.8) 0.8

ACM = all-cause mortality; AIBD = aorto-iliac bifurcation distance; CHD = coronary heart disease (defined as myocardial infarction, resuscitated cardiac arrest,
and sudden cardiac death); Cl = confidence interval; CVD = cardiovascular disease (defined as CHD plus stroke and stroke death); HR = hazard ratio; Q =

quartile.

*Model adjusted for age, gender, ethnicity, smoking, diabetes, systolic blood pressure, hypertension medications, and total and high-density lipoprotein

cholesterol.
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[6, 7]. Mechanisms that increase the aortic diameter
which age are thought to also result in age-relat-
ed bifurcation descent; however, older age is also
associated with aortic stiffness, which may restrict
these changes [8]. In the pathology of abdominal
aortic aneurysms, which occur with an excessive
abdominal aortic diameter increase that can result
in rupture and death, atherosclerotic risk factors
are associated with increased aortic diameter, but
risk factors for aortic stiffness are associated with
decreased aortic diameter [9, 10]. We reported sim-
ilar observations with the AIBD and surmised that
the same process may underlie abdominal aortic
elongation as suggested by age-related bifurcation
descent. The opposing effects of atherosclerosis
and stiffness in the aorta may, in part, explain our
null findings. Most CVD risk factors were associated
with a decreased ABID distance, but CVD risk factors
that are also associated with stiffness were associat-
ed with an increased distance (less aortic descent),
ultimately reducing the value of the ABID distance
as an overall risk marker.

Strengths of our study include the use of a
multi-ethnic cohort and adjudicated CVD events;
however, our study also has important limitations.
Prevalent CVD at baseline was an exclusion criterion,
and thus, results may differ in persons with clinically
apparent CVD. Also, we acknowledge the current
limited clinical utility of our findings because ul-
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trasonography, the primary screening modality for
aortic disease, is a proven and more cost-effective
method without radiation exposure. Importantly,
our results have strong research implications for ana-
tomical changes in vascular beds, and if coupled with
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may aid future clinical use.

In conclusion, in a multi-ethnic cohort of commu-
nity-living, healthy older adults, a lower bifurcation
position was not independently associated with
CVD events. The opposing effects of atherosclerosis
and stiffness in the aorta may, in part, explain our
null findings.
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