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Abstract—Decreased elasticity in large and medium-sized arteries has been postulated to be associated with cardiovascula
diseases. We prospectively examined the relation between arterial elasticity and the development of hypertension ovel
6 years of follow-up in a cohort of 6992 normotensive men and women aged 45 to 64 years at baseline from the biracial,
population-based Atherosclerosis Risk in Communities (ARIC) Study. Arterial elasticity was measured from
high-resolution B-mode ultrasound examination of the left common carotid artery as adjusted arterial diameter change
(in micrometers, simultaneously adjusted for diastolic blood pressure, pulse pressure, pulse pressure squared, diastoli
arterial diameter, and height), Peterson’s elastic modulus (in kilopascals), Young’s elastic modulus (in kilopascals), and
B stiffness index. Incident hypertension<B51) was defined as systolic blood presse®60 mm Hg, diastolic blood
pressure=95 mm Hg, or the use of antihypertensive medication at a follow-up examination conducted every 3 years.
The age-, ethnicity-, center-, gender-, education-, smoking-, heart, eatd-obesity-adjusted means (SE) of baseline
adjusted arterial diameter change, Peterson’s elastic modulus, Young’s elastic modufgistifindss index were 397
(5), 148 (2.0), 787 (12.7), and 11.43 (0.16), respectively, in persons who developed hypertension during follow-up, in
contrast to 407 (1), 124 (0.6), 681 (3.7), and 10.34 (0.05), respectively, for persons who did not. The similarly adjusted
cumulative incident rates of hypertension from the highest to the lowest quartiles of arterial elasticity were 6.7%, 8.0%,
7.3%, and 9.6%, respectively, when measured by adjusted arterial diameter dRartig@l). One standard deviation
decrease in arterial elasticity was associated with 15% greater risk of hypertension, independent of established risk
factors for hypertension and the level of baseline blood pressure. These results suggest that lower arterial elasticity is
related to the development of hypertensi@fypertension 1999;34:201-206.)
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lthough increased arterial stiffness (decreased arterial Methods
elasticity) had been considered intrinsic to the aging
process of the arterial walljt has since been demonstrated The sample for this study was drawn from the 15 792 individuals

that _factors _SUCh as 'nsu“_n resistance, Sm0k'ng_’ and h_y[_)er'who participated in the baseline cohort examination of the Athero-
tension are important predictors of reduced arterial elasticity, sclerosis Risk in Communities (ARIC) study. ARIC is a longitudinal
independent of age* Evidence also exists to support the study of cardiovascular and pulmonary diseases sponsored by the
hypothesis that lower arterial elasticity is (directly) associated National Heart, Lung, and Blood Institute. It includes a community
with increased risk of cardiovascular disease manifesta- Surveillance component and a cohort component. The ARIC cohort
tions2256A small number of population-based studies have was selected as a probability sample of men and women aged 45 to

. o S .~ 64 years at 4 study centers in the United States, 3 of which
been published describing the distribution and population enumerated and enrolled population probability samples of the

correlates of arterial stiffness. respective communities (selected Minneapolis suburbs, Minnesota;
This study evaluated the prospective relation between Washington County, Maryland; and Forsyth County, North Caroli-
baseline arterial elasticity and the development of hyperten- na). The fourth quarter of the ARIC cohort was sampled from black
sion in a population sample. In this report, the blood pressure residents qf qackson, Mlss.E_IlglbIg participants were mterwewed_
(BP) adjusted arterial diameter change (AABEand con- and then invited to a baseline clinical examination. The baseline

. Lindi P 's elasti dul Epl Y , examination of the ARIC cohort was conducted in 1987-1989. Every
ventional indices (Peterson’s elastic modulus [Ep], YOung's  3years after the first examination, all participants were invited to a

elastic modulus [YEM], ang stiffness index  index]) were follow-up clinical examination. The first follow-up examination was
used to measure elasticity. conducted in 1990-1992 and the second follow-up examination in

Study Population
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TABLE 1. Baseline Characteristics by Incident Hypertension
Status at Follow-Up Reexamination: The ARIC Study
Incident
All Hypertensives Normotensives

Variable (n=6992) (n=551) (n=6441)
Age, y 56 (5.7) 56 (5.9) 56 (5.7)
Race, % black 15.9 22.7 15.0
Gender, % women 56.0 61.3 55.6
Current smoker, % 21.8 20.2 219
Former smoker, % 37.6 37.9 37.6
Never smoker, % 40.6 419 40.5
Education, %

<HS 15.6 17.6 15.4

=HS 43.0 433 43.0

>HS 414 39.1 41.6
BMI, kg/m? 26.6 (4.37) 28.4 (5.17) 26.4 (4.25)
Standing height, cm 169 (9.4) 168 (9.42) 169 (9.4)
History of CHD, % 2.8 4.25 2.64
Diabetes mellitus, % 5.9 9.7 5.6
Total cholesterol, 5.38(0.98) 5.51 (1.05) 5.38 (0.98)
mmol/L
HDL cholesterol, 1.32(0.44) 1.32 (0.44) 1.32 (0.44)
mmol/L
LDL cholesterol, 3.41(0.93) 3.46 (0.96) 3.41(0.93)
mmol/L
Triglycerides, 1.41 (0.86) 1.56 (0.91) 1.40 (0.85)
mmol/L
SBP, mm Hg 114 (12.2) 124 (10.4) 113 (12.0)
DBP, mm Hg 69 (8.4) 74 (8.5) 69 (8.2)
Follow-up, y 3.32(0.90) 3.48 (1.07) 3.30(0.88)
Mean ADC of left 410 (130) 390 (120) 410 (130)
CCA, um
Ep, kPa 126 (51) 155 (64) 124 (49)
YEM, kPa 690 (311) 822 (365) 679 (304)
B index 10.42 (3.86) 11.87 (4.65) 10.30 (3.76)
Heart rate, bpm 66 (10) 68 (10) 65 (9)
No. of cardiac cycles 5.5(2.5) 5.5(2.6) 5.5 (2.50)
studied
Mean carotid 720 (170) 750 (190) 710 (170)

IMT, wm

Values are mean (SD) or proportion. HS indicates high school; CHD, coronary
heart disease; and CCA, common carotid artery.

years. During the follow-up, 551 individuals developed hyperten-
sion, and 6441 individuals did not.

Measurement of Arterial Stiffness

The collection and evaluation of common carotid arterial diameter
and structural data in the ARIC Study have been published exten-
sively#7-911-13For this report, we used the arterial diameter data
collected on the left common carotid artery (1 cm below the origin
of the carotid bulb) during B-mode ultrasound examination of the
carotid arteries. This method uses noninvasive ultrasonic echo-
tracking methods, performed by centrally trained and certified
sonographers. The data were collected after the participants had
rested in a supine position fo=20 minutes. In brief, with the
transducer held securely by a mechanical transducer holder, trans-
ducer angulation was changed to maximize media-adventitia echoes.
Electronic gates were moved to track the 2 interfaces, and the
distance between them as a function of time was visualized for the
consecutive cycles. These data were digitized by an analog-to-digital
converter. Then the data were sent to the ARIC Ultrasound Reading
Center, where the arterial diameter data were estimated as the
average over as many cardiac cycles as possible (avefage The
reading of arterial diameter data was performed by trained and
certified ultrasound readers in a central location, subject to regular
quality control, retraining, and recertification. The diastolic arterial
diameter (DAD) and the arterial diameter change (ADC) between
systole and diastole from the left carotid artery during cardiac cycles
were used for this analysis. Concurrent brachial BP was measured
every 5 minutes with an automated oscillometric device (1846SX
Dinamap), and the mean of 2 BP measures before the completion of
ultrasound examination was used in calculating arterial stiffness
indices. From these diameter and BP data, the following parameters,
needed for estimating arterial elasticity indices, were assembled for
the entire ARIC cohort: mean DAD, systolic arterial diameter
(SAD), and ADC; carotid arterial intima-medial thickness (IMT);
and diastolic and systolic blood pressure and pulse pressure (DBP,
SBP, and PP, respectively) (RBBP-DBP).

The primary objective of this study was to investigate the
prospective relationship between arterial elasticity and the develop-
ment of hypertension. AADC was used as the primary measure of
arterial stiffness, which treated ADC (strain) as the predictor of
incident hypertension and other BP-related variables (DBP, PP, PP
squared, height, and DAD) as covariates to be adjusted for by the
following generalized linear mod&t:

9(uy) = a+ B1Xy+ BoXo+ BaXst BaXs+ BsXs+ BeXst BrX7+ BrCn

where @)=E(Y;), x;=ADC, x,=DBP, %=PP, x=PP squared,
xs=DAD, xs=age, =height, and g=other potential confounders to
be adjusted for. In logistic regression models,isrbinary, with a
value of 1 indicating incident hypertension and 0 indicating without
hypertension. Thus, g)=Ilog[w/(1— w)], and expp,) is the odds
ratio associated with 1 unit increase in ADC. In linear regression
models, Y is continuous. Thus, g()=pu, and B, is the regression
coefficient of ADC in relationship to Y, reflecting corresponding
change in Y per 1 unit increase in ADC. Traditional indices of
arterial stiffness (stress-strain rafié}-*swere also used in this report

1993-1995. The Institutional Review Board in each participating for comparison with the AADC, including the following:

institution approved the ARIC Study. All participants gave informed
consent before each examination.

In the ARIC cohort, arterial elasticity was assessed in 11478
participants (73% of the entire cohort), of whom 9% were assessed
during the initial cohort examination and 91% during their first
follow-up examination. A total of 3780 of the 11 478 participants

Peterson’s elastic modulus: EPPXDAD)/ADC (kPa)
Young'’s elastic modulus: YEM [EpXDAD/(2XIMT)] (kPa)
B stiffness index index=Ln(SBP/DBP)/(ADC/DAD)

were excluded from this analysis because they were identified as BP and Hypertension

hypertensive at the time of arterial elasticity assessment. An addi- At every examination, sitting BP was measured 3 times on each
tional 710 individuals (g% of baseline normotensives) were excluded participant with a random-zero Sphygmomanometer’ after a 5-minute
because of missing data on hypertension status at the follow-up rest, by trained technicians following a standardized protsthe
examinations. Thus, a final sample of 6992 baseline normotensives systolic and fifth phase DBP measurements used in this report are the
was available for this analysis. The follow-up time varied from 1 to mean of the second and the third readings. Study participants were
2 cohort examination cycles (3 to 6 years) depending on the time of asked to bring all medications, vitamins, and supplements taken in
the arterial elasticity assessment; the average follow-up time was 3.3the 2 weeks before the examination. The information on pharmaco-
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logical treatment of hypertension is based on the participant's TABLE 2. Arterial Elasticity as Measured by Mean ADC of
self-reported use of any medication to treat high BP and the Common Carotid Artery and Other Conventional Indices, by
transcription and coding of all medication namegrevalent hyper-  Incident Hypertension Status at Follow-Up Reexaminations:
tension at the examination of arterial stiffness was defined as DBP Tpe ARIC Study

=90 mm Hg, SBP=140 mm Hg, or use of antihypertensive medi-
cation. Incident hypertension after the arterial stiffness assessment Hypertension Status at Follow-Up
was defined as DBRP=95 mm Hg, SBP=160 mm Hg, or use of Examinations
antihypertensive medication during the period.

Hypertensives ~ Normotensives P for Mean
Other Covariates Indices of Arterial Elasticity (n=551) (n=6441) Difference

Information on age, ethnicity, gender, education levels, and cigarette Unadjusted
smoking status was obtained by standardized questionnaires admin-

istered by trained and certified interviewers. Body mass index (BMI) ADC, pm 3906) 410 <0001
was calculated as weight (kilograms)/height (mefefsting serum Ep, kPa 155 (2.2) 124(0.6) <0.001
total cholesterol, triglycerides, and HDL cholesterol were measured  YEM, kPa 822 (13.3) 678 (3.9) <0.001
according to standardized procedut@sDL cholesterol was calcu- B index 11.87 (0.16) 10.30 (0.05) <0.001

lated in participants with triglycerides400 mg/dL as total choles- . _ _
terol minus HDL cholesterol plus one fifth of triglycerides. Diabetes Multiple variable adjusted

mellitus was defined as fasting (8 hours) serum gluceskiO ADC, pm* 397 (5) 407 (1) 0.04
mg/dL, glucose=200 mg/dL if fasting <8 hours, history of

( (
physician-diagnosed diabetes, or use of an oral hypoglycemic agent Ep, kPaf 148 (2.0) 124(08) 0.001
or insulin. YEM, kPat 787 (12.7) 681 (3.7) 0.001
B indext 11.43(0.16)  10.34(0.05) 0.001

Statistical Analysis
Means and SDs for major covariates were obtained from the full *Adjusted for concurrently measured DBP, PP and its squared term, common

Eeren dplt?) ZQS;:;?Z&?JS?%’ dlr:gf;r?st ny gﬁgﬁgls Ieolg.stﬁ:ri]tyAa’\;Cn?;éuvr\lsj b ycarotid arterial diameter, heart rate, standing height, age, ethnicity, center,
AADC, Ep, YEM, and g index and to test the mean differences gender_, smoking, educatlo_n,_ and BMI. ) )
comparing persons who developed hypertension with persons who tAdjusted for age, ethnicity, center, gender, smoking, education, BMI, and
did not during the follow-up. Logistic regression models were used "eart rate.

to estimate the cumulative incident rate and relative odds of

ge?:/eloping ?¥pllerte”5i°'1sg\‘SrE|ggcg1 Ito lt)_?steline ?trterial elasticitydo;/er artery) in persons who developed hypertension. Similarly, the
the Zteaa;ir;igal %nozxggé. ( nstitute) software was used for mean levels of Ep, YEM, an@ index were higher (also
indicating a stiffer artery) in this group. The 3.3-year cumu-
Results lative incidence of hypertension, adjusted for age, ethnicity,
Of 7698 baseline normotensive participants, 91% (6992 gender, center, education, smoking, heart rate, and BMI, by
individuals) were available for follow-up foe3 years, with quartiles of baseline arterial elasticity as measured by AADC,
an average follow-up time of 3.3 years. The characteristics of Ep, YEM, andg index, are presented in the Figure. Lower
the study population at the time of arterial stiffness measure- baseline arterial elasticity levels were associated with higher
ment are presented in Table 1. The mean age was 56 yearsgumulative incidence rates of hypertension, and the associa-
16% were black, and 56% were women. Compared with tion was gradedK for linear trend<<0.01 for all 4 measures
normotensives, persons who developed hypertension duringof arterial stiffness).
the follow-up were slightly less likely to have completed high ~ The incidence odds ratio and 95% CI of developing
school or higher education and more likely to have diabetes, hypertension associated with 1 SD decrease of arterial elas-
a history of coronary heart disease, and higher levels of ticity measures estimated from multivariate logistic regres-
baseline total cholesterol, BMI, and carotid arterial IMT. sion models are presented in Table 3. Lower baseline arterial
They also exhibited higher baseline SBP and DBP levels, elasticity was significantly associated with the development
although these values were below the cutoff for hypertension of hypertension, and the odds of developing hypertension
(by definition). The means (SE) of AADC were 405 (3), 408 Wwere elevated by 17% for 1 SD (130n) decrease in AADC,
(3), 407 (3), and 403 (3um (P=0.57) from the lowest to the ~ 52% elevated per 1 SD increase in Ep (51 kPa), 35% elevated
highest quartiles of mean arterial pressure, estimated asper 1 SD increase in YEM (311 kPa), and 29% elevated per
(PP/3%-DBP. In contrast, from the lowest to the highest 1 SD increase ifB (3.86 U). After adjustment of the latter 3
quartiles of mean arterial pressure, the means (SE) of Ep wereindices as for AADC, all measures of arterial elasticity,
105 (1), 115 (1), 128 (1), and 157 (1) kPa, respectively except for YEM, were associated with incident hypertension
(P<0.001). These results suggest that AADC, as a measure ofof a similar magnitude: 1 SD decrease in arterial elasticity,
elasticity, is independent of BP and that conventional stress- estimated from either AADC, Ep, @ index, was associated
strain ratio indices, represented here by Ep, are not. with =~15% increased odds of developing hypertension (Ta-
There were 551 individuals who developed hypertension ble 4). Also presented in Table 4 are the odds ratios of
during the follow-up, defined as BB160/95 mm Hg or use  incident hypertension associated with other hemodynamic
of antihypertensive medication, with a cumulative incidence factors when these factors were included in multivariable
of 8%. The mean levels of arterial elasticity, as measured by logistic regression models with each of the arterial stiffness
AADC, Ep, YEM, andB index, are presented in Table 2. The indices. All of these hemodynamic factors, except for heart
mean level of baseline AADC was lower (indicating a stiffer rate, were associated with the development of hypertension

Values are mean (SE).
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AADC, p for Ep, p for YEM, p for Beta, p for
trend < 0.01 trend < 0.01 trend < 0.01 trend < 0.01

15.00 |
E Multivariable adjusted incident rates of hyperten-
sion by baseline levels of arterial elasticity indices
in the ARIC Study. AADC is adjusted for DBP, PP,
PP squared, DAD, height, age, ethnicity, center,
gender, smoking, education, BMI, and heart rate.
Ep, YEM, and B index are adjusted for age, ethnic-
ity, center, gender, smoking, education, BMI, and
heart rate.
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1

10.00

500

Incident Rate (%) and 95% CI

Q1 (High) Q2

independent of each other and of population demographic and/or ADC. The results of PP significantly associated with
characteristics. Ep and no association with AADC provide supporting evi-
We also analyzed the data using lower criteria to define dence for these arguments. It has been demonstrated that the
incident hypertension as BB-140/90 mm Hg (or use of  aforementioned assumptions for stress-strain modulus are not
antihypertensive agents). By this definition, 1033 individuals congruent with the association between the change of BP and

were identified as having developed incident hypertension
over 3.3 years of follow-up (a cumulative incidence of 15%).
The relationship of arterial elasticity and incident hyperten-
sion was similar to that found by using the higher cut point
definition (data not shown). The interactions between arterial

the ADC during the cardiac cyckdn population samples, the
relationship between stress and strain has a non-zero intercept
and only modest heteroscedasti@®y. To overcome these
drawbacks, we have used a non-—pressure-related biased
estimation of ADC in response to BP change, using compo-

stiffness and age, ethnicity, and smoking status in associationnent mathematical models to assess ADC, simultaneously
with the development of hypertension were tested with the —2 controlling for BP and arterial diamet&?.This approach, as
log likelihood ratio test, and none was found to be statistically well as its estimate identified as BP AADC, models the ADC
significant atP<<0.15. (strain) as an independent variable and treats BP-related
variables as covariates in the model. It allows for non-zero
Discussion intercepts between stress and strain and accounts more fully
Most published studies have either used pulse wave velocity for the relationship between ADC and BP. It also has the
as an indirect measure of arterial stiffness or ultrasound- ability to model the nonlinearities of stress-strain relationship,
measured elastic modulus (stress-strain ratio and its variants)the size of the arteries, and the height of the participais.
to assess arterial stiffnes3These stress-strain ratio methods  this study, the AADC approach, as well as conventional Ep,
assume a fixed relationship between the change of BP duringYEM, and 8 index for comparison with AADC, were used.
the cardiac cycle and the change of arterial diameter. Ep, Generalized narrowing in smaller arteries (arteriosclerosis)
YEM, and B index are typical examples of traditional has long been recognized as the major pathophysiological
stress-strain ratios!#1> Because both the ADC and BP- change in essential hypertensigrig In contrast, the contri-
related variables are included in the formulation of these bution of decreased elasticity in large to medium-sized
conventional indices of arterial elasticity, the resulting mod- arteries in the development of hypertension has not been well
ulus estimates are not independent of BP. The associationsjocumented. Historically, it has been suggested that the
between these stress-strain ratios and any other end point cafhcrease in SBP with aging, accompanied by increased
be attributed to the combination of BP-related measures arterial stiffness in the large arteries, was protective in terms
of maintaining sufficient flood flow to the cerebral circula-
tion. Thus, increased SBP and loss of elasticity in large
arteries in the elderly had been considered a normative aging
process of the arterial walluntil the treatment of isolated
systolic hypertension was identified as both effective and safe

TABLE 3. 0dds Ratios and 95% Cls of Developing
Hypertension During Follow-Up Examinations in Relation to
Increases in Arterial Elasticity Indices From Multivariable
Adjusted Logistic Regression Models: the ARIC Study

Variable Odds Ratio ~ 95% Cl in reducing cardiovascular and renal disease ev@aéOur

ADC (1 SD decrease [130 wm])* 1.17 1.05, 1.31 finding of a graded, temporal relationship between baseline
Ep (1 SD increase [51 kPa])t 159 1.40,1.65 arterial elasticity and the development of hypertension during
YEM (1 SD increase [311 KPal)t 135 1.25,1.46 follow-up examinations prc_)wdgs supp(_)rtlng eyldence that the
B index (1 SD increase [3.86) 1.29 119, 1.40 development of hypertension is associated with lower arterial

elasticity in the carotid artery. This association cannot be
fully explained by age, ethnicity, gender, and other risk
factors for hypertension. Although baseline level of BP is a
significant predictor of incident hypertension, adjustment for
baseline BP level did not diminish the arterial elasticity and

*Adjusted for concurrently measured DBP, PP and its squared term, common
carotid arterial diameter, standing height, age, ethnicity, center, gender,
smoking, education, BMI, and heart rate.

tAdjusted for age, ethnicity, gender, smoking, education, BMI, and heart
rate.



TABLE 4. 0dds Ratios and 95% Cls of Developing Hypertension During Follow-Up Examinations in Relation

Liao et al

Arterial Stiffness and Hypertension

to Increases in Arterial Elasticity Indices and Other Hemodynamic Factors From Multivariable Adjusted

Logistic Regression Models: The ARIC Study

Model by Arterial Stiffness Indices

205

AADC Ep YEM B Index

Independent Variable (1 SD=130 um) (1 SD=>51 kPa) (1 SD=311 kPa) (1 SD=3.86)

Arterial stiffness index (1 SD)* 1.17 (1.05, 1.31) 1.14 (1.04, 1.26) 1.04 (0.95, 1.14) 1.16 (1.05, 1.27)
DBP (1 SD=8 mm Hg)* 1.76 (1.59, 1.95) 1.78 (1.60, 1.97) 1.82 (1.64, 2.02) 1.84 (1.66, 2.04)
PP (1 SD=11 mm Hg)* 2.39(1.34, 4.28) 2.13(1.20, 3.81) 2.11(1.18,3.78) 2.12(1.19,3.78)
PP Squared (1 SD=121)* 0.97 (0.92, 1.03) 0.97 (0.92, 1.03) 0.98 (0.93, 1.03) 0.98(0.92, 1.03)
SAD (1 SD=910 pm)* 1.12(1.00, 1.26) 1.06 (0.95, 1.18) 1.05(0.94, 1.18) 1.06 (0.95, 1.18)
Heart rate (1 SD=10 bpm)* 1.00 (0.91, 1.11) 1.01(0.91, 1.11) 1.03(0.93,1.14) 1.00(0.91, 1.11)

All models adjusted for standing height, age, ethnicity, center, gender, smoking, education, and BMI.
*All hemodynamic factors were included in the statistical models with each of the arterial stiffness indices.

hypertension association, except for YEM, which was no Itis also worth noting that the BP used to estimate arterial
longer statistically associated with incident hypertension after stiffness was assessed at the brachial artery, which often
adjustment for baseline BP. This departure of YEM from overestimates central PP (a key variable in the noninvasive
other indices may be due to competing for the variance estimation of arterial stiffness in this studg22This study is
between IMT (in the YEM formulation) and other BP-related based on a short follow-up (3.3 years). In addition, we
variables in the full model. In these data, the association excluded 710 (9% of all baseline normotensives) from this
between elasticity and hypertension is consistent across ageanalysis because of loss to follow-up, although their baseline
ethnicity, and gender groups (data not shown). Thus, the cardiovascular characteristics were similar to those included
results from this longitudinal study suggest that impaired iy this report. Consequently, the generalizability of our
elasticity of larger arteries is an antecedent factor in the findings to the long-term natural history of BP elevation is
natural history of BP elevation at the population level. probably limited. Stiffening of the larger arteries is most
The development of hypertension in relation to arterial |ixely to be reflected in a fall in DBP, a feature that should be
elasticity was seemingly stronger in this population when ,nsigered in the interpretation of our findings related to
conve_ntional stress-strain ratios as indicgs of elasticity were j,igent hypertension. Thus, we anticipate that a stiffening of
used in comparison to the new mathematical model approachya ger arteries is associated predominately with a sustained
(Table 3). However, this was largely due to the BP-related g0\ ation of SBP and a corresponding increase in the devel-

bias mtnns:ft to ?et\_/etr_al IOf df[het contvfentlgrllal lst:ezs-stram opment of “systolic hypertension.” Despite the large sample
measures. Alter statistical adjusiment for BE-related covarl- g, o iy this study, our ability to empirically test this expec-

gte_s, the assouaﬂons were of similar magnitude fqr gll 4 tation is greatly limited by the high proportion of diagnosed
indices, as presented in Table 4. To our knowledge, this is the . N .
. - . and treated hypertension>{5% of incident hypertensives
first study to empirically compare the new mathematical . N ) .
. . . . . were treated medically in this population). Although the high
modeling approach with the conventional stress-strain ratio . . -
levels of hypertension detection and treatment are certainly

approaches in a population sample. . . . "
The mechanisms linking large arterial stiffness to the desirable, this rgrsi;:t(;:jthfa(:f;;it;:g (I:iu]ilt(;altﬁgagtlﬂg;egsf ?ES

development of hypertension are not clear at present. Al- public hgalth— R )
though our results were not confounded statistically by other natural history of BP elevation in populations. .
hemodynamic factors, our data suggest that the hemodynamic S another caveat, we compared the strength of associa-
factors presented in Table 4 are associated with the develop-t'ons between different measures of ar.terlal stiffness and the
ment of hypertension in this population. It can be hypothe- dévelopment of hypertension by ugina 1 SD change
sized that greater arterial stiffness (loss of elasticity) in large P&nchmark (standardized odds ratios, as presented in Tables 3
and medium-sized arteries represents a cumulative adverséd 4). This strategy may not be valid in comparing different
impact of conventional risk factors on the arterial wall, and Populations, especially when the independent variables under
that arterial stiffness, together with its adverse impact on Study are not distributed similarly between populations.
other target organs such as the kidneys, contributes to theNevertheless, this study represents the first population-based,
development of hypertension. It should be noted that the Prospective study to identify lower elasticity (high stiffness)
association between arterial elasticity and the development ofin the common carotid artery as an antecedent factor of
hypertension reported here is estimated from observational,hypertension. Additional long-term, population-based
population-based empirical testing. The interrelationship be- follow-up studies are needed to confirm our findings, and
tween elasticity, structural properties of the large arteries, and studies of a different design are required before it can be
the development of hypertension can only be thoroughly concluded that reduced elasticity in large and medium-sized
investigated by the use of other research methods andarteries plays a causal role in the development of
techniques hypertension.
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