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Abstract

The abdominal aorta is known to be more susceptible to arterial dilation than to occlusion primarily due to the effects of vascular aging.
Few studies have considered the effects of cardiovascular risk factors on arterial diameter, particularly within a population of healthy women
at mid-life. This study seeks to examine associations between cardiovascular risk factors and abdominal aortic and iliac adventitial diameter.

Abdominal aortic ultrasound was performed in 260 post-menopausal women agetl 53.9ears at time of scan as a component of
the Healthy Women Study. Risk factors were evaluated at premenopause and post-menopausal clinic visits closest in date to the abdomi-
nal ultrasound scan. Post-menopausal weight and change of weight from pre- to post-menopause were among the strongest correlates o
larger adventitial diameter after controlling for age, systolic blood pressure, and body size using height. Other post-menopausal risk factors
significantly correlated with both abdominal aortic and iliac diameter were BMI, waist circumference, HDL, and ipsuifF).

These data suggest that weight is a key risk factor in the promotion of vascular aging as indexed by enlarged arterial diameter. Women at
mid-life should continue to be targeted for weight interventions to reduce their risk for more serious cardiovascular complications.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction Arterial diameter can be used as a marker of this overall aging
process.
Vascular aging, while occurring concomitantly with Vessels within the aortic region are especially known to be

atherosclerosis is infrequently distinguished from subclini- more susceptible to arterial dilation than to occlusion primar-
cal disease processes. With increasing age, arteries changiy due to the effects of vascular agiff]. Several risk factors,
in their structural and functional capacities. These changessuch as elevated blood pressure and atherosclerosis, may ac-
are diffuse throughout the arterial tree and affect the endothe-celerate these age-related changes and as a result contribute
lium, arterial intima and media. Age-associated increases into adverse clinical outcomes such as aortic aneurysms and
intima—media thickening are attributable to degeneration of coronary heart disea$g—8]. It is therefore of public health
elastin fiber and increases in collagen within the métja significance to identify those risk factors which contribute to
Simultaneous with this thickening are increases in luminal di- vascular aging as measured by arterial diameter.
latation and stiffness as well as endothelial dysfuncfijn The effects of risk factors on arterial diameter, have been
characterized in the carotif®,10], coronary[11,12], and
* Corresponding author. Tel.: +1 412 624 6170; fax: +1412 624 3775, Prachial vesselL3], but have not been extensively studied
E-mail addresspatela@edc.pitt.edu (A.S. Patel). in the abdominal region. Although several studies have ex-
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amined cardiovascular risk factors and their relationship to protocol was based on that used in the Cardiovascular Health
abdominal aortic aneurysms, few have looked at these factorsStudy (CHS) with the addition of iliac artery imagig0].
in terms of vascular aging. It is important to independently The reproducibility of this protocol was also validated by
characterize the associations between potential cardiovascuAlcorn et al.[20] and resulted in Pearson and intraclass cor-
lar risk factors and their impact on the vascular aging of ves- relation coefficients of greater than or equal to 0.87 for the
sels since risk factors may impact various vascular regionssuprarenal and infrarenal diameter measurements and the in-
differently. Once these associations are better characterizedfrarenal to suprarenal diameter ratio.
the aging of vessels may be addressed from a more clinical Briefly, trained registered vascular technologists obtained
perspective. B-mode gray scale images of the abdominal aortain the trans-
Cardiovascular risk factors may also help explain observed verse projection. Scans were recorded on Super VHS tape
gender differences regarding arterial dilation and vascular ag-and subsequently scored by certified readers. Aortic diameter
ing. Males have been found to have a larger aortic diameterwas measured at suprarenal, infrarenal, 2 cm proximal to the
relative to their body size and stiffer abdominal aortas com- iliac bifurcation, and at the first centimeter of the right and
pared to women and thus have been studied to a greater exterleft iliacs from outer wall to outer wall. More specifically,
[4,14-18] To our knowledge, potential differences between suprarenal images were taken 1 cm distal to the origin of the
the association of pre- and post-menopausal risk factors withsuperior mesenteric artery, just above the level of the left renal
aortic diameter has not been examined in any population. Theartery, with either artery being visualized in order to accept
purpose of this study is therefore to investigate whether tra- the image for measurement. The infrarenal measurement
ditional cardiovascular risk factors, measured pre- and post-was taken below the renal arteries at the site of maximum
menopause, and atherosclerotic measures are associated withortic artery diameter (adventitia plus wall). Intima—media
abdominal aortic diameter among a population of healthy thickness (IMT) measurements were also made at each of
women and if so, which are the strongest predictors of larger the above locations using the far wall interface. The above
adventitial diameter. protocol was employed to screen for aneurysms defined as
an infrarenal aortic diameter greater or equal to 3.0cm or an
infrarenal to suprarenal diameter ratio greater or equal to 1.2.

2. Methods Adventitial diameter and intima—media thickness mea-
surements at each of the five locations evaluated were av-
2.1. Study population eraged to obtain a combined aorta/iliac value. Measurements

from the suprarenal aorta, infrarenal aorta, and 2 cm proxi-

The Healthy Women Study (HWS) is alongitudinal cohort mal to the iliac bifurcation were averaged to create a mean ab-
study designed to evaluate the changes in coronary risk fac-dominal aortic value for adventitial diameter and IMT. Lastly,
tors that are attributable to natural menopause. Five hundredmeasurements from the first centimeter of the right and left
and forty-one healthy, initially pre-menopausal women, aged iliacs were averaged to create a mean iliac value for adventi-
42-50 years of age, living in Pittsburgh, PA were recruited in tial diameter and IMT. These mean values were subsequently
1983 and 1984. As previously descrilj@é], eligibility crite- used for analysis.
riaincluded diastolic blood pressures of less than 100 mmHg,
no hormone replacement therapy use, no medication use for2.3. Clinic visits
chronic disease including hypertension, and having a men-
strual cycle within 3 months of the baseline examination. Previous HWS publications have described in detail
Women were followed through their menopausal transition. the components and methodology used in the baseline
A woman was defined as being post-menopausal once sh€pre-menopausal) and post-menopausal clinic examinations
ceased cycling and/or used HRT in combination for 12 con- [19,21] The baseline clinic examination consisted of blood
secutive months. Follow-up evaluations were subsequently pressure, height, weight, waist circumference, and a 12-h

conducted at 1, 2, 5, and 8 years post-menopause. fasting blood sample for glucose, insulin, apoprotein, and
lipoprotein measurements. A 75-g glucose load was adminis-
2.2. Abdominal aortic ultrasound evaluation tered immediately preceding blood sampling. Blood samples

were assayed at the lipid laboratory of the University of Pitts-
As an adjunct component to the Healthy Women Study, burgh Graduate School of Public Health, a Centers for Dis-
ultrasound measures of subclinical atherosclerosis in the ab-ease Control and National Heart Lung and Blood Institute cer-
dominal aorta were performed in 260 HWS participants. Ab- tified laboratory. Levels of total serum cholesterol, total HDL
dominal aortic ultrasound was performed in conjunction with cholesterol, and triglycerides were determined using stan-
the participants’ second carotid ultrasound evaluation in the dard assayf22—24] LDL cholesterol was estimated from the
HWS. Aortic ultrasound testing was conducted at the Univer- Friedewald equatiof25]. Plasma glucose was determined by
sity of Pittsburgh Department of Epidemiology, Ultrasound enzymatic assay and plasma insulin by radioimmunoassay.
Research Laboratory (Pittsburgh, PA), using a Toshiba SSA These measures were repeated at each of the post-
270A duplex scanner with a 3.75MHz convex probe. The menopausal (post) clinic visits, first, second, fifth, and eighth
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post. Insulin measures were not available for all participants. tion coefficient. Partial correlations were calculated to adjust
Women were also asked whether or not they were taking for body size (height), age and systolic blood pressure. Ad-
hormone replacement therapy and if so, what regimen theyjustment for systolic blood pressure and height was required
were currently using. Post-menopausal risk factors were as-due to the strength of their individual correlation with abdom-
certained from data at the post-menopausal clinic visit clos- inal aortic diameter. Height, as opposed to body-mass index,
est in date to the abdominal aorta scan. Fifty percent of thewas chosen as a measure of body size so that weight could
women were 8 years post-menopause at the time of theirbe evaluated as an independent risk factor. Adjustment for
abdominal aorta scan, 48.5% were 5 years post-menopauseage was undertaken because of its known relationship with
1% were 2 years post-menopause, and 0.5% were 1 year postvascular aging as evidenced in cardiovascular literature.
menopause. The mean difference between the date at which The relationship between change in risk factors and ves-
risk factors were evaluated and the date of the abdominalsel diameters was also evaluated using multivariable stepwise

ultrasound scan was 2 months. linear regression analysis. Baseline age, systolic blood pres-
sure, and height were forced into the models followed by
2.4. Statistical methods those baseline risk factors and their corresponding change

scores from pre-to post-menopause which were significant at
Of the 260 participants who had an abdominal aortic ul- thep<0.05 level.
trasound, 41 women had missing data with respect to both
their right and left iliac diameterd\(=38) or their left iliac
diameter aloneN = 2). One participant had missing data for 3. Results
measurements made at the proximal location. All data were
analyzed by SAS Statistical Software v8.2 (Cary, NC). Sta-  Risk factor data for the baseline and the post-menopausal
tistical significance was defined apaalue <0.05. clinic visit closest in date to the abdominal scan are presented
Differences between baseline and post-menopausal riskin Table 1 Significant differencesp(< 0.001) between val-
factors were assessed with paitedst or with the Wilcoxon- ~ ues measured pre- versus post-menopause were noted for all
rank sum test for non-normally distributed data. A chi-square Vvariables with the exception of diastolic blood pressure and
statistic was used to assess the differences in current smokHDL. Of particular interest was the 10 mm increase in pulse
ing status between the baseline and post-menopausal visitPressure, the blood pressure parameter most closely tied to
Change scores were calculated by subtracting baseline clinicarterial stiffness. Additionally, while both weight and girth
values from post-menopausal clinic values. measurements increased between baseline (pre-menopausal)
The univariate associations between risk factor levels andand post-menopausal exams, average height decreased.
abdominal aortic/iliac adventitial diameter and IMT were At the time of abdominal aortic ultrasound, the mean age
evaluated with Pearson correlation coefficients, with the ex- of participants was 532 2.5 years. The mean aortic andiliac
ception of triglycerides, insulin, smoking, and hormone use, adventitial diameters were 17491.54 and 11.23- 1.33 mm,

whose associations were measured using a Spearman correldespectivelyFig. 1 presents the distribution of the adventitial

Table 1
Population description—baseline and post-menopausal clinic Vi$i#260)

Baseline 5-8 years post-menopa#iset p-value
Age (years) 477+1.5 539+2.5 <Q001
Systolic blood pressure (mmHg) 108:11.0 1184+ 16.6 Q025
Diastolic blood pressure (mmHg) 7.7 720+9.6 0999
Pulse pressure (mmHg) X6+7.4 464+10.9 <0001
Body-mass index (kg/R) 24.4 (17.4, 40.9) 26 (16.9, 48.7) <01
Weight (kg) 653+12.1 708+ 14.8 <0001
Waist circumference 709+11.9 819+13.0 <0001
Hip circumference 108+ 11.P 1049+12.0 <0001
Height (cm) 1620+6.3 1620+6.3 <0001
Cholesterol (mg/dL) 184+30.9 2123+35.4 <0001
HDL (mg/dL) 608+14.1 610+ 15.8 Q0845
LDL (mg/dL) 107.8+29.0 1278+ 34.3 <0001
Triglycerides (mg/dL) 6@ (33.0, 314.0) 9% (37.0, 396.0) <01
Glucose (mg/dL) 88+9.5 900+14.8 <0001
Insulin 64 (3.0,51.9) 1% (5.3,63.9) <0.001
% Smoking 301 133 <0.001
% HRT use - 500 —

a Two participants were 2 years post-menopause and one participant was 1 year post-menopause.
b N=59.
¢ N=136.
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Fig. 1. Distribution of abdominal aorta adventitial diameters within the Healthy Women Study.

diameters and includes the “combined” diameter, an averagediameter. For both of these locations weight, waist circumfer-
of all aortic and iliac measurements. None of the women met ence, HDL, and insulin were significantly associated with ad-
the criteria for an abdominal aortic aneurysm. The mean aor- ventitial diameter independent of age, SBP, and height. Cor-
tic IMT was 2.04+ 0.43 mm with a range of 1.05-3.74 mm. relations between abdominal aortic diameter and change in
The mean iliac IMT was 1.68 0.41 mm with a range of  riskfactorsfrom baseline to post-menopausal clinic visit clos-
0.79-3.23. IMT was highly correlated with adventitial diam- est in date to the abdominal aortic ultrasound were also cal-
eter { =0.330,p<0.0001 for aortic segment amd 0.353, culated. These correlations were adjusted for baseline (pre-
p<0.0001 for iliac segment). After adjustment for age, sys- menopause) measures. Change in age was not adjusted for
tolic blood pressure, body size using height, triglycerides, given that duration within the periomenopasue period only
HDL, and other risk factors related to both diameter and IMT, varied between 5 and 8 years for more than 99% of women
these associations were equivalent or even stronger. and upon preliminary analysis had little effect on the correla-
Table 2presents the results of the correlations between tion coefficients. An increase in weight£ 0.155 and 0.307),
post-menopausal risk factors and aortic and iliac adventitial BMI (r =0.164 and 0.252), insulim £ 0.214 and 0.292), and

Table 2
Correlations between risk factors measured 5-8 years post-menopause and abdominal aortic and iliac adventitial diameter
Post-menopause risk factors Abdominal aortic adventitial diameter lliac adventitial diameter

Unadjusted{l = 258) Adjusted {l=253) Unadjusted=210) Adjusted il = 205)

r p-value r p-value r p-value r p-value
Age 0075 230 0044 0525
SBP 0238 <Q001 Q0110 Q113
DBP 0270 <Q001 Q0189 Q006
Pulse pressure .25 0246 Q0003 0996
Height 0246 <Q001 Q227 <Q001
BMI2 0.380 <Q001 Q0406 <Q001
Weight 0418 <Q001 0347 <Q001 0486 <Q001 0433 <Q001
Waist circumference 869 <Q001 0325 <0001 Q0403 <Q001 Q0376 <Q001
Cholesterol m61 0330 0084 0183 0034 0627 Q059 Q0408
LDL 0.100 Q111 0133 Q0036 0094 Q178 Q125 Q077
HDL —0.220 <Q001 —-0.234 <Q001 —0.187 Q007 -0.212 Q003
Triglycerides 0141 Q025 Q137 Q031 Q048 0491 Q047 Q0512
Glucose 0188 Q003 Q0165 Q009 —0.015 0828 —0.042 0556
Insulir®? 0.223 Q009 0219 Q0012 0295 Qo001 0396 Q001
Smoking! 0.064 Q380 0018 0805 Q060 Q460 0026 Q746
Hormone usg —0.095 Q128 -0.127 0046 —0.023 Q741 —0.034 0634

Adjusted controlled for age, systolic blood pressure, and height.
@ Spearman correlations.
b N =135 for aorta and 114 for iliac diameter.
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Fig. 2. Age, systolic blood pressure, and height adjusted mean diameter by quartiles of weight change.
a decrease in HDLr=—-0.210 and—0.189) were signifi- lation of healthy post-menopausal women. The primary find-

cantly correlatedd< 0.01) with a greater adventitial diameter ing of the present study was that weight independent of age,
inthe aortic and iliac segments, respectively. A positive corre- blood pressure, and height, is a key risk factor in vascular
lation between change in LDL and iliac adventitial diameter aging as evidenced by increased aortic diameter. These data
was also noted = 0.139,p=0.048). Change in glucose was extend previous research by demonstrating that change in
positively correlated with aortic adventitial diameter as well weight from pre- to post-menopause contributes to greater
(r=0.171,p=0.007).Fig. 2shows the relationship between abdominal arterial dilation.

quartiles of weight change and aortic and iliac diameter. Our results are in agreement with a study by Paivansalo et

The results of stepwise multivariable regression found that al. [15] where body-mass index was significantly correlated
change in weight independent of age, height, systolic blood with higher adventitial diameter, as measured by ultrasound,
pressure, and baseline weight, was the strongest predictor ofn both women and men aged 40-60 years. Aortic diameters
greater adventitial diameteoria= 0.043 an@Bjjiac = 0.064, were nearly equivalent between the two female populations,
p=<0.01). After controlling for pre-menopause weight and 17.2+1.4mm in Paivansalo et al. and 1721.5mm in
change in weight, little else added further predictive value. the present report. Correlations between BME(Q.172,

A total of 101 women reported HRT use at their post- p=<0.001) and heightr&0.236, p=<0.001) and aortic
menopausal exam. HRT users had lower LDL cholesterol adventitial diameter were consistent with our analysis. Sur-
(p=0.026), higher HDL cholestergb& 0.0003), and higher  prisingly, systolic blood pressure was not independently cor-
triglycerides p=0.033), but did not differ with respect to related with aortic diameter € 0.060) in the Paivansalo pop-
any other post-menopausal clinic risk factors. Unadjusted andulation. Diastolic blood pressure was however, strongly cor-
age, SBP, and height adjusted mean adventitial diameter wereelated with both aortic and iliac arterial diametex(0.001).
not significantly different among hormone and non-hormone HDL (r=-0.141, p=0.002) and triglyceridesr £0.092,
users. p=0.043) were also correlated with iliac diameter. Glucose

Lastly, the association between risk factors and abdominal was not significantly related with increased aortic or iliac di-
aortic intima—media thickness were evaluated in this popula- ameter in their population and insulin data were not reported.
tion. LDL and insulin correlated positively and significantly In our analysis, a strong positive association between ves-
with IMT in the iliac arteries. No post-menopausal risk fac- sel diameter and intima—media thickness was also observed.
tors correlated significantly with either abdominal aortic or Paivansalo et al. found a significant association between
iliac IMT segments before and after adjustment for age, SBP, aortic dilation and another atherosclerotic measure, aortic
and height. plaques. The progressive increase in vessel diameter has been

hypothesized as a compensatory mechanism to atherosclero-

sis. Atherosclerosis can promote vascular aging by increasing
4. Discussion arterial stiffening and in its more severe forms cause medial

degeneration and subsequent aneurismal develofdtient

This study examined the correlation between cardiovascu-  In the present study, change in weight, BMI, insulin, and
lar risk factors and abdominal aortic diameter within a popu- HDL through menopause was associated with larger aortic
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diameter as well. It can be hypothesized that the increased in-is also difficult, due to its depth, and thus reflected signals
sulinlevels which accompany weight gain are related to a sub- may provide less information than in more surface vessels.
sequentincrease in aortic diameter. This is supported by mul-  While the results of this study may aid in future pre-
tivariable results where change in weight entered the model invention efforts against cardiovascular disease in healthy
addition to premenopause weight, age, height, and systolicwomen, there remains a need to confirm these results in
blood pressure. Additionally, after adjusting for weight in larger and more diverse populations in a prospective manner.
partial correlations, the association between insulin, glucose,Further research should also consider the changes in more
and triglycerides with adventitial diameter was no longer sig- sophisticated measures of body compaosition in conjunction
nificant. with abdominal aortic diameter. Despite these limitations,
The effects of cardiovascular risk factors, particularly it is apparent that blood pressure and weight are significant
weight, on arterial dilation have previously been observed risk factors in increasing arterial diameter and subsequent
in the carotid vascular bed as wi8110,26,27] Collectively, aging of vessels, further supporting the necessity to control
these findings suggest that weightis arisk factor which should these factors early on.
be addressed early to slow the progression of vascular aging.
This may be especially true in women who experience a sig-
nificant weight gain with ag¢28,29] and the menopausal References
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