ORIGINAL REPORTS: CARDIOVASCULAR DISEASE AND

RISK FACTORS

RACE/ETHNIC AND SEX DIFFERENCES IN LARGE AND SMALL ARTERY ELASTICITY —
RESULTS OF THE MULTI-ETHNIC STUDY OF ATHEROSCLEROSIS (MESA)

Objective: Reduction in arterial elasticity
marks progression toward cardiovascular mor-
bidity and mortality. Variability in arterial
elasticity may help account for race/ethnic
and gender differences in cardiovascular risk.

Design: Cross-sectional study.

Setting: Whites, African Americans, Hispanics
and Chinese aged 45-84 years free of clinically
recognized cardiovascular disease were re-
cruited in six US communities.

Participants: We examined 3,316 women and
3,020 men according to race/ethnicity and sex.

Main Outcome Measures: Large (LAE) and
small artery (SAE) elasticity, derived from radial
artery diastolic pulse wave contour registration in
all subjects in a supine position using tonometry.
LAE and SAE were adjusted for ethnicity, age,
clinical site, height, heart rate, blood pressure,
antihypertensive medication and body mass
index, diabetes, smoking, and circulating lipids.

Results: Much of the sex difference in arterial
elasticity was explained by height. After
adjustment, LAE did not differ by race/
ethnicity, but mean SAE in African Americans
was 4.2 mL/mm Hg X 100 and 4.4 mL/
mm Hg X 100 in Hispanics compared to
means of 4.6 mL/mm Hg X 100 in Whites,
and 4.8 mL/mm Hg X 100 in Chinese.

Conclusions: Reduced SAE may indicate
earlier vascular disease in African Americans
and Hispanics than other groups. (Ethn Dis.
2009;19:243-250)
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INTRODUCTION

A diagnostic challenge is to detect
abnormal structure and function in the
vascular system before the development
of symptoms or signs of cardiovascular
disease (CVD).}? Variability in arterial
elasticity may help account for race/
ethnic and sex differences in cardiovas-
cular risk; and knowledge of arterial
elasticity might improve risk stratifica-
tion, and identify individuals with early
vascular damage who are predisposed to
future vascular events, by providing a
direct assessment of abnormal structure
or tone in the arterial vasculature.>*
Arterial elasticity is related to, but
conceptually broader than, systemic
blood pressure. However, the physio-
logic link between vascular elasticity and
arterial pressure makes it difficult to
separate the adverse effects of pressure
from those of the vascular functional
and structural alterations that character-
ize loss of elasticity. Since endothelial
dysfunction and nitric oxide deficiency
are characteristic features of hyperten-
sion and of other risk factors for morbid
events, it has been proposed that blood
pressure elevation may be viewed, in
part, as a complication of functional
and structural changes in the microcir-
culation, and that structural changes in

Address correspondence to: Daniel
Duprez, MD, PhD; University of Minne-
sota; 420 Delaware St SE; Minneapolis, MN
55455; 612-624-4948; 612-626-4411
(fax); dupre007@umn.edu

Ethnicity & Disease, Volume 19, Summer 2009

the large arteries leading to morbid
events may be viewed as a complication
of both pressure elevation and endothe-
lial dysfunction.’

Current evidence indicates that ar-
terial stiffness is a predictor for CVD
events in the general population,6_9 in
patients with hypertension,' end-stage

. 11 - . .
renal disease,  impaired glucose intol-

erance,'” and coronary artery disease.'”
Several noninvasive techniques are avail-
able to assess arterial elasticity based on
analysis of the arterial pulse wave
regarding cither the systolic or the
diastolic part.14 The CR-2000 (HDI,
Inc., Eagan, MN) provides information
about the pools of large and small
arteries derived from the radial artery
pulse waveform using a mathematical
model based on a modified Windkessel
model."”> The Multi-Ethnic Study of
Atherosclerosis (MESA), an epidemio-
logic cohort study that aimed to study a
variety of subclinical CVD measures,
elected to include the CR-2000 device
to obtain information about arterial
elasticity. The Windkessel model leads
to two measures, namely large artery
elasticity (LAE), pertaining to the pool
of large arteries, and small artery
elasticity (SAE), pertaining to the pool
of small arteries, and was validated in an
animal model.'® Besides the finding
that SAE was inversely associated with
incident CVD,” randomized trials have

17,18

shown that valsartan as well as a

combination of amlodipine and ator-

vastatin increased both LAE and SAE."”

2

Aging,zo smoking,21 diabetes,**> and
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Although CVD risk factor
levels are substantially
different in Whites, African
Americans, Hispanics, and
Chinese, the relative rates of
coronary artery disease in these
groups are not consistent with

these differences.””

hyperlidemia® have a negative effect on
SAE and/or LAE, implying stiffer
arteries in these conditions. LAE and
SAE have high reproducibility in
healthy subjects®® and correlate with
other parameters that can be derived
from the radial pulse waveform.*’

Differences in arterial elasticity may
help explain race/ethnicity and sex
differences in frequency of different
CVD events.”**” Women appear to
exhibit a different pattern of events than
men, even with similar blood pres-
sures.”®*” African American men ap-
pear to experience more cardiovascular
morbidity than white men, but with less
large artery disease, probably as a
consequence of more small vessel dis-
ease.”® Although CVD risk factor levels
are substantially different in Whites,
African Americans, Hispanics, and Chi-
nese, the relative rates of coronary artery
disease in these groups are not consis-
tent with these differences.”” Therefore,
we aimed to study race and sex
differences in LAE and SAE among
the large MESA cohort.

METHODS

Study Sample

MESA investigates the prevalence,
correlates, and progression of subclinical
CVD.?" In brief, between July 2000 and
August 2002, 6814 men and women
who identified themselves as White,
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African American, Hispanic, or Chinese
and were aged 45 to 84 years, free of
clinically apparent CVD (including
prior heart attack, angina pectoris,
stroke, transient ischemic attack, heart
failure or CVD-related procedure such
as balloon angioplasty or current atrial
fibrillation), and never treated for cancer
were recruited from six US communi-
ties. Fach field site was located in a
university and recruited broadly from
the general population using locally
available sources, with institutional re-
view board approval at each center and

after obtaining informed consent.>!

Data Collection

We included 3,020 men and 3,316
women aged 45-84 years in whom
arterial elasticity was measured. Partic-
ipant age, race/ethnicity, and sex were
self-reported. Height and weight were
measured with participants wearing
light clothing and no shoes. Body mass
index (BMI) was calculated as weight
(kilograms)/height (meters squared). A
central laboratory measured total cho-
lesterol, high-density lipoprotein cho-
lesterol triglycerides, and glucose levels
from blood samples obtained after a 12-
hour fast. Seated resting blood pressure
was measured three times with a
Dinamap model Pro 100 automated
oscillometric sphygmomanometer (Cri-
tikon, Tampa, FL). The average of the
last two measurements was used in
analysis. Hypertension was defined as
systolic pressure =140 mm Hg, diastol-
ic pressure =90 mm Hg, or current
use of antihypertensive medication.
Diabetes was defined as a fasting glucose
value =126 mg/dL or current use of
antidiabetes medication. We obtained
information about medication use
by direct examination of medication
bottles.

Large (LAE) and Small (SAE)
Artery Elasticity Measurements
Arterial wave forms are recorded

using the HDI/PulseWave CR2000
(Hypertension Diagnostics, Inc., Eagan,
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Minnesota).'” A solid-state pressure
transducer array (a tonometer) was
placed over the radial artery of the
dominant arm to record the pulse
contour. Once a stable measurement
was achieved, a 30 second analog trac-
ing of the radial waveform, excluding
the dicrotic notch, was digitized at 200
samples per second, with accompanying
automated, oscillatory blood pressure
measurement. Measures of small and
large artery elasticity (change in arterial
volume per change in arterial pressure)
are produced by the device. Briefly, the
estimates of arterial elasticity are based
on the asymptotic behavior of a Wind-

1,1>2% in which, heuristical-

kessel mode
ly, a viscous liquid (blood) is poured
freely into a sink (pool of large arteries),
draining slowly due to resistance in the
drain (pool of small arteries). Mathe-
matically (CR-2000 operator’s manual),
the pulse waveform P(t), where t is the
time elapsed since the beginning of

diastole, is modeled as:
P(t)={a; *xexp(—azt) } +

{a3 * exp( —ayt) * cos(ast+ag)}.

The modified Windkessel model then

uses the parameters a;—a4 to estimate:
LAE * SVR =2a4[(ay +a4)” +a5?] /

[az (2a4+2,) (342 + 352)]
SAE « SVR=1/(2a5+ay).

SVR is the systemic vascular resistance
= mean arterial blood pressure/cardiac
output. Cardiac output (L/min) is
estimated as HR*(—6.6+(0.25 * (ET-
35)—(0.62 * HR)+(40.4 *
BSA)—(0.51*Age))/1000, where ET is
¢jection time in milliseconds, HR is
heart rate in beats per minute, and BSA is
body surface area in millimeters squared
(estimated as 0.007184 * wWT ©4%°
*HT %7%%). ET in milliseconds is directly
observable from the pulse waveform.
Zimlichman et al** reported repeatability
correlations for LAE and SAE, both
r=0.7 after 5 minutes and r=0.5 after 4
weeks. The 5 minute correlation coeffi-
cients are similar to those in the study of



Rietzschel et al*?, which may be comput-
ed from information presented by
them as r=0.90 for SAE and r=0.72 for
LAE.

Data Analysis

LAE and SAE were treated as
separate dependent variables. Sex was
examined in relation to height in
Figure 1. The adjusted linear regression
model included demographic variables
(race/ethnicity, sex, age, and clinical
center), correlates of LAE and SAE that
are part of the estimation formulae
(height, BMI, heart rate, and blood
pressure), diabetes, pack years of ciga-
rette smoking, and circulating levels of
total cholesterol, high density lipopro-
tein cholesterol and triglycerides. For
descriptive purposes, the continuous
independent variables were divided into
equal sized categories (quintiles) or
categories based on meaningful cut
points and examined in the fully
adjusted model. Height cut points were
gender-specific. A P value for trend was
reported for continuous variables, while
a multiple degree of freedom test was
used for discrete predictor variables.
Statistical significance to predict LAE
and SAE was declared at P<<.05. All
analyses were performed using the SAS
statistical software, version 9.0 (SAS
Institute, Cary, NC).
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RESULTS

White and African American men
were taller than the Chinese and Hispanic
males (Table 1). The Chinese men had a
lower BMI than the other races/ethnici-
ties. African American men had the
highest systolic and diastolic blood pres-
sure and the highest percentage of
hypertension and use of antihypertensive
medication. Diabetes mellitus was most
present in African American and Hispan-
ic men. Among women, Chinese and
Hispanics were shorter than Whites and
African Americans. African American
women had the highest systolic and
diastolic blood pressure and the highest
incidence of hypertension and antihyper-
tensive treatment. Both African American
and Hispanic women had more diabetes
and a greater BMI than White and
Chinese women. Pack years of cigarette
smoking were highest among White men
and lowest in Chinese and Hispanic
women. Circulating lipids had the most
adverse profile in Hispanic men and
women.

Unadjusted mean values for LAE
were 11.8 = 5.1 mL/mm Hg X 10 in
3,316 women and 15.1 * 5.7 mL/
mm Hg X 10 in 3,020 men; corre-
sponding values for SAE were 3.8 *
2.3 mL/mm Hg X 100 in women and
5.2 £ 3.1 mL/mm Hg X 100 in men.
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Fig 1. Mean * 1.96 standard error of large artery elasticity (LAE, ml/mm Hg X 10)
and small artery elasticity (SAE, ml/mm Hg X 100) by height and sex, adjusted for
age, race, and clinical center. Multi-ethnic Study of Atherosclerosis 2000-2002
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This observed gender difference in LAE
and SAE was primarily attributable to the
lesser height of women than men (Fig-
ure 1). Although LAE and SAE were
significantly (P<<.0001) lower with de-
creasing height (Figure 1 and Table 2),
liccle difference in elasticity existed be-
tween men and women in height-
matched categories. In models adjusting
for age, race, clinical center, and height as
a continuous variable, LAE was 1.25 mL/
mm Hg X 10 greater in men than
women, while SAE was 0.42 mL/
mm Hg X 100 greater in men than
women (P<.001 for both comparisons).
However, this model should be interpret-
ed with caution because it implicidy
extrapolated the linear association of
arterial elasticity with male height to the
low female height, and with female
height to the high male height.

The adjusted SAE was significantly
(P<0.0001) lower in the African Amer-
ican and Hispanic samples in comparison
to the other race/ethnicities (Table 2),
however there was no difference in the
adjusted LAE among the different races/
ethnicities. There was a significant
(P<.0001) difference in adjusted LAE
and SAE among the different clinical
sites. African Americans had the lowest
SAE among race/ethnic groups in four of
the five clinics in which they were
sampled; Hispanics had the second lowest
SAE at each of the three clinics in which
they were sampled (data not shown). In
Table 2, after adjustment, there was a
highly significant (P<<.0001) decrease of
LAE and SAE as a function of age.

With a higher heart rate, LAE and to
a lesser extent SAE were significantly
lower (P<.0001). LAE was mainly
correlated with systolic blood pressure
(Table 3). LAE was significantly
(P<.0001) lower with higher systolic
blood pressure, but was much less
correlated with diastolic blood pressure
(P<.04). Adjusted SAE was significant-
ly (P<<.0001) lower with higher systolic
and diastolic blood pressure. Both LAE
and SAE were significandy (£=.02)
higher in medication users than in
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Table 1. Race/ethnicity/sex-specific descriptive statistics. Multi-ethnic Study of Atherosclerosis 2000-2002

Male White Chinese African American Hispanic P
Sample size 1173 374 781 692
Age, years 62.7 = 10.2 62.3 = 10.2 61.9 = 10.2 61.1 = 10.3 .01
Height, cm 176.3 £ 6.9 168.0 £ 6.0 176.1 £ 6.9 168.9 £ 6.6 <.0001
Body mass index, kg/m? 28.0 = 4.1 24.0 = 3.1 28.7 + 4.6 28.8 + 4.3 <.0001
Systolic blood pressure, mm Hg 124.3 = 18.4 123.6 = 18.8 130.1 = 19.1 125.8 = 20.0 <.0001
Diastolic blood pressure, mm Hg 74.0 = 9.1 74.8 £ 9.3 77.2 £95 75.0 £ 9.4 <.0001
Blood pressure medication (Rx), % users 27% 24% 44% 26% <.0001
Hypertension (% =140/90 or Rx) 39% 35% 57% 38% <.0001
Heart rate, beats/min 61.4 = 10.0 62.7 = 8.7 61.5 = 10.0 62.4 = 9.8 .03
Diabetes (% =126 mg/dl or Rx) 10% 16% 22% 22% <.0001
Cigarette smoking (pack years) 18.4 = 34.2 9.2 +18.4 14.4 = 204 11.9 =199 <.0001
Total cholesterol (mg/dL) 189 + 34.4 189.3 = 31.6 181.7 = 34.1 193.4 + 37.1 <.0001
HDL cholesterol (mg/dL) 45.3 £12.3 45.6 £ 10.8 46.7 £ 12.3 42.5 = 10.1 <.0001
Triglycerides (mg/dL) 135 = 103.8 140.3 £ 79.3 108.3 * 66.4 164.5 = 106.8 <.0001

Female White Chinese African American Hispanic P
Sample size 1241 395 944 736
Age, years 62.2 + 10.4 62.2 + 10.4 61.9 9.9 61.4 = 10.3 .32
Height, cm 1624 £ 6.5 155.5 £ 5.7 162.1 £ 6.6 155.4 £ 6.1 <.0001
Body mass index, kg/m? 27.6 £ 5.8 239 =35 31.3 = 6.4 30.1 = 5.7 <.0001
Systolic blood pressure, mm Hg 122.6 + 21.8 1249 + 233 133.0 + 233 127.3 + 233 <.0001
Diastolic blood pressure, mm Hg 66.9 * 9.6 69.2 * 10.7 72.6 =103 68.4 =95 <.0001
Blood pressure medication, % users 26% 31% 51% 33% <.0001
Hypertension (% =140/90 or Rx) 37% 41% 62% 45% <.0001
Heart rate, beats/min 64.3 = 9.0 63.6 * 8.6 64.4 = 10.1 64.4 = 9.1 49
Diabetes (% =126 mg/dl or Rx) 6% 15% 19% 19% <.0001
Cigarette smoking (pack years) 11.7 =19.7 0.7 =6 9.7 +18.4 3.7 £11.2 <.0001
Total cholesterol (mg/dL) 202 = 34.7 195.3 £ 32.4 196.1 £ 35.7 202.3 £ 37.7 <.0001
HDL cholesterol (mg/dL) 58.7 = 15.5 53 £ 13.2 56.9 £ 15.7 52.3 = 13.8 <.0001
Triglycerides (mg/dL) 131 =754 144.6 = 84 101.7 £ 70.7 150.2 = 80.2 <.0001

P for any race/ethnic difference.

Tabulated descriptive statistics are either mean * standard deviation or percentage.

HDL: high density lipoprotein.

untreated hypertensives, achieving mean
elasticity levels similar to untreated
people whose blood pressure was in
the range 130-139 mm Hg systolic or
85-89 mm Hg diastolic. Both LAE and
SAE increased significantly (2<<.0001)
with a higher BMI. SAE decreased
substantially with increasing pack years
of cigarette smoking (2<.0001), while
the decrease in LAE with pack years was
more shallow. There was little associa-

The main finding was that
African Americans had the
lowest SAE, with somewhat

higher values in Hispanics.
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tion of LAE or SAE with circulating
lipids (data not shown).

DISCUSSION

The main finding was that African
Americans had the lowest SAE, with
somewhat higher values in Hispanics.
SAE value were higher in Whites and
Chinese. LAE did not differ by race/
ethnicity. SAE is considered as a specific
expression of the functional behavior of
the small arteries.”® This observation
emphasizes the possibility that African
Americans free of overt CVD may have
an abnormality of the small vessels that
has not yet manifested in the large
arteries. This concept is consistent with
the observation of reduced endothelial

Ethnicity & Disease, Volume 19, Summer 2009

function in African American vs White
adolescents.®® There is clinical evidence
that African Americans are more prone
than other groups to small artery than
large artery disease. Small-vessel stroke in
contrast to large vessel stroke is one of the
most frequent identifiable causes of first-
ever ischemic stroke among African
Americans.®* A paradox is that African
Americans are less likely to have obstruc-
tive coronary disease morbidity,”” yet are
more likely to die from coronary dis-
ease.’® African Americans had less coro-
nary calcium than apparendy clinically
similar Whites in a sample with evidence
of ischemia on nuclear imaging.35
Similar to the finding of reduced
vasodilatory response using forearm
plethysmography in African American
vs White adolescents,” a study of healthy
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Table 2. Multiple regression analysis of arterial elasticity (dependent variable) with demographic and anthropometric variables

in the model

Large artery elasticity (mL/mm Hg X 10)

Small artery elasticity (mL/mm Hg X 100)

Unadjusted Adjusted* P trend/ Unadjusted Adjusted P trend/
N Mean Std Dev Mean Std Error categorical Mean Std Dev. Mean Std Error categorical
Race/ethnicity
African American 1713 13.5 5.8 13.4 0.12 .52 4.2 2.5 4.2 0.06 <.0001
Chinese 769 129 5.4 13.4 0.20 4.1 2.8 4.6 0.10
Hispanic 1429 12.8 5.2 13.1 0.14 4.4 2.8 4.3 0.07
White 2386 13.7 5.7 13.2 0.10 4.9 3.0 4.7 0.05
Clinical Site
New York 1014 13.5 5.5 13.7 0.15 <.0001 4.5 2.9 4.6 0.08 <.0001
Maryland 854 12.0 5.2 11.8 0.17 4.2 2.5 4.2 0.08
Minnesota 991 13.5 5.1 12.9 0.15 5.4 3.1 5.1 0.08
lllinois 1110 143 6.1 14.1 0.14 4.6 3.0 4.4 0.07
California 1284 129 5.5 13.4 0.14 4.1 2.7 4.3 0.07
North Carolina 1044 13.8 5.8 13.6 0.15 4.2 2.5 4.1 0.08
Height (cm) quintiles, female/male
136.9-154/148.9-167 1263 11.2 5.0 11.7 0.14 <.0001 3.4 2.2 3.6 0.07 <.0001
154.1-158/167.1-171.4 1260 12.7 5.4 12.9 0.13 4.0 2.6 4.1 0.07
158.1-161.5/167.2-175.4 1256 13.4 5.1 13.2 0.13 4.6 2.8 4.5 0.06
161.6-166/175.5-179.9 1262 14.0 5.8 13.8 0.13 4.7 2.8 4.7 0.07
166.1-188.4/180-202.5 1252 15.5 5.8 14.8 0.14 5.6 3.2 5.3 0.07
Age (years)
44-54 1828 15.8 5.2 14.9 0.11 <.0001 6.1 3.2 5.6 0.06 <.0001
55-64 1739 13.7 5.2 13.6 0.11 4.6 2.7 4.5 0.06
65-74 1851 12.0 5.3 12.4 0.11 3.5 2.0 3.8 0.05
75-84 875 10.3 5.6 11.3 0.16 2.9 1.8 3.4 0.08

Notes: P trend for age and height, P-categorical with df corresponding to number of classes shown for race, sex, site. Specific pairwise comparisons are not presented.
* Adjusted for all variables in Table 1, including race/ethnicity.

middle-aged men and women found that
both flow-mediated and nitroglycerin-
mediated dilation were lower in African
Americans than Whites, despite normal
blood pressure that was only slightdy
higher in African Americans than in
Whites.>” Using highly sensitive nano-
sensors, Kalinowski et al*® studied the
disposition of reactive oxygen and nitro-
gen species (ROS/RNS) associated with
lower bioavailable nitric oxide (NO) in
intact single umbilical vein endothelial
cells obtained from African American and
White women. They directly measured
eNOS protein level and NAD(P)H
oxidase activity. They concluded that,
despite the increased eNOS protein level,
increased ROS/RNS in African Ameri-
cans compared to Whites resulted from
upregulated NAD(P)H-oxidase activity
followed by eNOS uncoupling, leading
ultimately to reduced NO bioavailabili-

ty.”® These cellular events may explain
decreased hemodynamic reactivity, in-
creased vascular tone, elevated blood
pressure, and lower SAE.>*Y

Women have lower LAE and SAE
than men. The arterial wave reflection has
a shorter distance to cover in women than
men; Smulyan et al* studied men and
women and found that short stature was
associated with earlier reflection waves
and increased augmentation index, inde-
pendent of mean arterial blood pressure.
Height did explain much of the sex
difference in both LAE and SAE in our
data, yet we did see a small difference in
both LAE and SAE even for men and
women of similar height. One study
matched elderly hypertensive men and
women on height and found that women
still had earlier wave reflection.”® Women
also had a smaller aortic diameter and
stiffer aortic arch than men.”® The

Ethnicity & Disease, Volume 19, Summer 2009

Framingham study showed that in wom-
en short stature was found to be a risk
factor for myocardial infarction, though
not for CVD mortality.*' Height also
played a role in ethnic differences in LAE
and SAE, since Chinese and Hispanic
men and women have shorter height than
White and African American men.

A strong gradient is seen with age for
LAE and SAE. Aging is associated with
endothelial dysfunction, reduction of
capillary density and thus consequently
a decrease in SAE. Moreover in the large
arteries aging is also accompanied by the
development of atherosclerotic plaque
and thus stiffening of the large arteries
or a decrease in LAE. %

A limitation in this study is the
cross-sectional design, restricting the
capacity to make any statements about
the temporal ordering of events that
may relate changes in arterial elasticity
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Table 3. Multiple regression analysis of arterial elasticity (dependent variable) with demographic and anthropometric variables

in the model

Large artery elasticity (mL/mm Hg X 10)

Small artery elasticity (mL/mm Hg X 100)

Unadjusted Adjusted* Unadjusted Adjusted
Std Std Std Std
N Mean Dev Mean  Error P trend Mean Dev Mean  Error P trend
Heart rate quintiles, beats/min
36-55 1339 15.6 6.4 15.1 0.13 <.0001 4.6 29 4.4 0.06 .004
56-60 1312 14.2 5.6 14.0 0.13 4.8 3.1 4.7 0.06
61-64 1068 13.2 53 13.2 0.14 4.5 2.8 4.5 0.07
65-70 1287 12.5 4.7 12.5 0.13 4.4 2.8 4.5 0.06
71-130 1287 11.1 4.7 11.4 0.13 4.0 2.5 4.2 0.07
Systolic/diastolic blood pressure, mm Hg
<110/75 1190 16.0 5.4 15.4 0.14  Systolic <.0001 5.9 3.2 5.5 0.07  Systolic <.0001
=110/75 and <120/80 985 149 5.5 14.2 0.15 Diastolic .09 5.3 3.1 4.9 0.07  Diastolic <.0001
=120/80 and <130/85 732 13.9 5.5 13.4 0.17 Medication .97 4.7 2.7 4.4 0.09 Medication .04
=130/85 and <140/90 569 12.3 4.7 12.4 0.19 41 2.4 4.1 0.10
=140/90 736 10.5 4.5 11.0 0.17 3.2 1.8 3.5 0.09
Takes medication, all blood
pressure values 2081 12.2 5.5 12.6 0.11 3.8 2.4 4.1 0.05
Body mass index, kg/m?
<23 913 12.6 5.7 12.1 0.16 <.0001 41 2.7 3.9 0.08 <.0001
23 to <25 889 13.4 5.4 12.8 0.15 4.4 3.0 4.1 0.08
25 to <30 2469 13.6 5.8 13.3 0.09 4.4 2.8 4.4 0.05
30 to <35 1322 13.5 5.4 13.8 0.13 4.7 2.9 4.8 0.07
= 35 700 13.0 53 14.2 0.18 4.8 2.6 5.3 0.09
Diabetes
No 5450 13.6 5.7 13.3 0.06 .32 4.6 29 4.5 0.03 .08
Yes 847 12.0 5.1 13.0 0.16 4.0 2.4 4.4 0.08
Cigarette smoking (pack years)
0 3268 12.9 5.5 13.3 0.08 .009 4.4 2.8 4.6 0.04 <.0001
>0 but <10 1048 14.0 5.5 13.3 0.14 4.8 2.9 4.5 0.07
10 to <25 841 14.0 5.9 13.4 0.16 4.5 2.8 4.3 0.08
25 to <50 688 13.6 5.5 13.0 0.17 4.4 2.8 4.1 0.09
=50 353 13.0 5.8 13.0 0.24 3.9 2.4 3.9 0.12

Notes: Blood pressure classified based on the highest category for the given systolic and diastolic levels.
P trend for heart rate and body mass index. P trend for systolic and diastolic blood pressures and P categorical for blood pressure medication; all 3 terms mutually adjusted.

Specific pairwise comparisons are not presented.
* Adjusted for all variables in Table 1.

to participant characteristics; it would
be desirable to have a second measure of
arterial elasticity. Although there was a
clear study center difference, that dif-
ference is quite small compared to the
age gradient (the size of the age gradient
is particularly clear comparing the LAE
and SAE values in this study to those

12?, who

obtained by Valappil et a
reported that mean LAE was 25.3 mL/
mm Hg*10 and mean SAE was
8.3 mL/mm Hg*100 in participants
with the average age of 35). Strengths
of the study include the standardized
protocol and large sample size and the

diversity of the sample, including a
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broad range of ages, both genders, and a
range of ethnic backgrounds.

In conclusion, the MESA study
cohort showed that African Americans
and Hispanics have a lower SAE than
Whites and Chinese, while LAE was
similar across race/ethnic groups after
adjustment for all variables including in
the estimate of arterial elasticity and for
other CVD risk factors.
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