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Muscular Strength Training Is Associated With Low
Arterial Compliance and High Pulse Pressure

David A. Bertovic, Tamara K. Waddell, Christoph D. Gatzka, James D. Cameron,
Anthony M. Dart, Bronwyn A. Kingwell

Abstract—Aerobic exercise training increases arterial compliance and reduces systolic blood pressure, but the effects of
muscular strength training on arterial mechanical properties are unknown. We compared blood pressure, whole body
arterial compliance, aortic impedance, aortic stiffness (measuregtibgex and carotid pulse pressure divided by
normalized systolic expansion [Ep]), pulse wave velocity, and left ventricular parameters in 19 muscular strength—
trained athletes (mearSD age, 26*+4 years) and 19 sedentary controls-@&6/ears). Subjects were healthy,
non-steroid-using, nonsmoking males, and athletes had been engaged in a strength-training program with no aerobic
component for a minimum of 12 months. There was no difference in maximum oxygen consumption between groups,
but handgrip strength (mearSEM, 44+2 versus 56+2 kdg<0.01) and left ventricular mass (168 versus 190+8
g; P<0.05) were greater in athletes. Arterial stiffness was higher in athletes, as evidenced by lower whole body arterial
compliance (0.40+0.04 versus 0.54+0.04 arbitrary compliance ut€),.01), higher aortic characteristic impedance
(1.55+0.13 versus 1.18+0.08 mm Hg - cm %, P<<0.05), B-index (4.6+0.2 versus 3.8+0.4£<0.05), and In Ep
(10.86+0.06 versus 10.6(.08;P<0.01). Femoral—dorsalis pedis pulse wave velocity was also higher in the athletes,
but carotid-femoral pulse wave velocity was not different. Furthermore, both carotid3(3@rsus 442 mm Hg;
P<0.001) and brachial (603 versus 502 mm Hg;0.01) pulse pressures were higher in the athletes, but mean
arterial pressure and resting heart rate did not differ between groups. These data indicate that both the proximal aorta
and the leg arteries are stiffer in strength-trained individuals and contribute to a higher cardiac aftestpadension.
1999;33:1385-1391.)
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Arterial compliance plays a role in determining both is elevated independently of blood pressure reduction in
arterial systolic and diastolic pressure and therefore, in a previously sedentary males after a 4-week program of
clinical context, influences left ventricular size and function, moderate-intensity aerobic exercise traintAglThese data
coronary blood flow, and the risk of cerebrovascular acci- suggest that aerobic exercise structurally modifies the large
dents'-3 In the past, measures of arterial compliance in arteries, a postulate supported by studies of ex vivo aortic
humans have been invasive, and therefore surrogate measuregroperties in rats, after 16 weeks of spontaneous runiiffy.
such as peripheral pulse pressure have been applied to While aerobic exercise is widely recommended as a pre-
investigate potential relationships with clinical outcomes. ventative and therapeutic strategy, resistance-style training is
Pulse pressure correlates closely with serious cardiovascularbecoming more popular, although it is less well studied with

outcomes such as myocardial infarctibthus highlighting respect to its effects on blood pressure, and no previous study
arterial compliance as a potential target for risk reduction has examined arterial mechanical properties in this context.
therapy. High-level resistance training is associated with abrupt and
Arterial compliance decreases with increasing agdn large pressor respongésand in the long term leads to a
atherosclerosis and coronary artery disé&#sé2 and in hy- concentric ventricular hypertrop#§-2°We hypothesize that
pertensive individual$3-15 Aerobic exercise has well-  arterial mechanical modification, with a resultant impact on

documented efficacy for cardiovascular risk reduction, and it the pulsatile component of arterial pressure, also occurs under
appears that at least part of its benefit derives from modifi- these loading conditions. Previous studies have indicated that
cation of arterial properties. In cross-sectional studies, aero-blood pressure is either reduced or unchanged by a static
bically trained athletes have a higher arterial compliance than weight-training program in previously sedentary individu-
sedentary individual$1e.17 Furthermore, arterial compliance als26-2° The findings of these studies, however, are specific
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to short-term interventions and cannot be extrapolated to minute with an automated, auscultatory sphygmomanometer incor-
provide insight into the effects of high-resistance training Porated in the cycle ergometer unit.
performed for many years. Previous cross-sectional studies

have failed to find any difference in blood pressure between . ) . . .
iaht lifters or bodv builders and untrained contréts®a Maxmur_n hangigrlp strength was determined in both _domlnant and
weig y ’ nondominant limbs with the use of a Jamar hydraulic hand dyna-

finding attributable in part to the fact that blood pressure was mometer (Sammons Preston); the recommendations of the American
not the primary end point and thus the studies were not ideally Society of Hand Therapists concerning the standardized positioning
designed to address this question. The present study used &f subjects during the assessment of handgrip strength were“used.
cross-sectional design to compare arterial mechanical prop_The don_”nnant limb was tested first in all subjects. Three maximum

! . . fcontractlons, each Ia_stlng 3t05 sec_onds and 15 seconds apart, were
erties and_ Cent_ral and peripheral blood pr_essures na gro_up 0 performed in both limbs. The maximum strength score achieved
non-steroid-using muscular strength-trained athletes with afrom the 3 trials was taken as being the representative maximum
group of well-matched sedentary controls. Measures were handgrip strength for that particular limb.

made of whole body arterial compliance, aortic impedance,

Handgrip Strength

Left ventricular end-diastolic posterior wall thickness, interventricular
Methods septum wall thickness at end-diastol_e, Ieft_ventricular interna_l en_d-dia—
stolic diameter (LVID), and left ventricular internal end-systolic diam-
Subjects and Study Design eter (LVIS) were measured with the use of the American Society of

Nineteen male muscular strength—trained athletes aget426 Echocardiography convention from M-mode images of the left ventricle
(mean+SD) years and 19 age-matched sedentary male controls age(generated in the short-axis view at the level of the mitral chordae by a
265 years participated. All were nonsmoking, normotensive (mean Hewlett Packard 77020A ultrasound system (Hewlett Packard). Left

arterial pressurec105 mm Hg), and normolipidemic (total choles- ~ Ventricular mass was calculat®dand the ratio of average wall
terol <5.5 mmol/L, triglycerides<2 mmol/L), with no history of thickness (mean of interventricular septal wall thickness and posterior
cardiovascular disease or recent history of upper limb pathology. Al Wall thickness) to LVID was used as a measure of left ventricular
athletes were engaged in a regular weight-training program, intended hypertrophy._ Left ventrlcul_ar systolic function was assessed through the
predominantly to build skeletal muscular strength, at a minimum Use of fractional shortening (FS), where FE0X(LVID —LVIS)/
frequency of 3 sessions per week, for a minimum of 12 months, with LVID. Left ventricular diastolic function was assessed from the ratio of
no aerobic exercise component. Control subjects had not participatedP€ak transmitral blood velocity measurements during early and late
in a regular exercise program over the previous 12 months. All diastole with the use of pulsed wave Doppler measurements. The
subjects gave informed consent for their participation in the study, deceleration time of early transmitral flow was used as a measure of left

which was approved by the Ethics Committee of the Alfred Health Ventricular wall stiffness. Aortic root area was measured at the insertion

Care Group and performed in accordance with both the institutional Of the aortic valve leaflets during peak systole to permit calculation of
guidelines and the Declaration of Helsinki (1989) of the World Volume flow from velocity flow (see following section).
Medical Association.

All subjects presented themselves on 2 occasions, at least 24 hoursArterial Compliance
apart but within 7 days of each other. Subjects were requested to Whole body arterial compliance was determined by the method of
refrain from alcohol consumption and intense physical activity for 24 Liu et aP¢ and validated in our laboratory by Cameron and D#&#f.
hours and caffeine consumption for 12 hours before their first visit. Proximal right carotid artery pressure was measured by applanation
On the first day of testing, subjects underwent a comprehensive tonometry with the use of a Millar Mikro-Tip pressure transducer
medical examination, including a resting supine 12-lead ECG. The (SPT-301, Millar Instruments). Brachial arterial blood pressure was
following measurements were then made in sequential order: resting simultaneously measured with a Dinamap vital signs monitor (1846
arterial blood pressure, heart rate, arterial compliance, aortic imped- SX, Critikon) to permit the calibration of the carotid arterial pressure
ance, central and leg pulse wave velocity, regional aortic stiffness, contour using brachial mean and diastolic blood pressure. This
echocardiographic examination, and fitness tests to determine uppermethod permits derivation of a carotid systolic blood pressure that
limb strength and maximum oxygen consumption. Subjects were has been validated against invasively obtained aortic root pressure
then asked to return on a second day for the collection of a routine measurement$:38 Average aortic systolic flow velocity was mea-
fasting venous blood sample for lipids, testosterone, follicle- sured with a hand-held continuous wave Doppler velocimeter with a
stimulating hormone (FSH), and luteinizing hormone (LH) analysis. 3.5-MHz transducer (Multi-Dopplex MD1, Huntleigh Technology)
At this time they also returned a 24-hour urine sample for assessmentplaced in the suprasternal notch. The pressure waveform was aligned

of sodium intake. with the flow waveform with the maximum of the second derivative
] ) of the systolic upstroke used as a primary match p¥imte average
Resting Hemodynamics of 10 cardiac cycles is reported. Volume flow was obtained by

Three brachial arterial blood pressure and 3 heart rate measurementsnultiplying velocity flow and aortic root cross-sectional area and is
were made at 1-minute intervals with the use of a Dinamap vital reported in arbitrary flow units (AFU) dimensionally equivalent to
signs monitor (1846 SX, Critikon), with subjects remaining in the L - min 1837 Arterial compliance is reported in arbitrary compli-
supine position after 10 minutes of undisturbed rest in a darkened ance units (ACU); cardiac output derived from velocity flow was
quiet room. The mean of these 3 values was taken to representalso used to calculate total peripheral resistance in arbitrary resis-
resting levels. tance units (ARU).

Maximum Oxygen Consumption Aortic Impedance

Maximum oxygen consumption @4max), and maximum workload From the same 10 individual pressure and flow velocity waveforms
(Wmax) were assessed during a graded maximum exercise testas obtained for the compliance determinations, we constructed an
performed on an electrically braked cycle ergometer (Ergometrics- ensemble average time series and calculated aortic input impedance,
900, Ergo-line)te The criteria for establishment ofé/max included characteristic impedance, reflection factor, and forward and back-
a plateau in oxygen consumption with increasing work rate and a ward components of the pressure wavefdfrfit We used only those
respiratory exchange ratio of1.1. We defined \6,max as the mean harmonics in our calculation in which the magnitude of the respec-
oxygen consumption during the final 30 seconds of exercise. tive harmonic for both pressure and flow was2.5% of the
Brachial arterial blood pressure measurements were made everymagnitude of the first harmonic. The highest harmonic thus included
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in calculations corresponded to a frequency of #@% Hz. Char- TABLE 1. Group Characteristics
acteristic impedance was calculated from the arithmetic mean of
moduli corresponding to frequencies? Hz. The reflection factor . Controls Athletes
was calculated as the ratio between the amplitude of the backward to Variable (n=19) (n=19)
the amplitude of the forward wave in the time dom#&iiCalculations Age, y 26+1 261
were performed with the use of custom written software, MATLAB ) N .
for Windows version 5.2.1.1420 (The MathWorks, Inc), and Mi- Height, m 1.79=0.02 1.76=0.02
crosoft Excel 97. Mass, kg 72+2 84+3*
Pulse W Velocit Body surface area, m? 1.90£0.04 2.00+0.05
ulse Wave Velocity o . .
Pulse wave velocity, which is inversely related to arterial compli- BMI, kg - m ; 22406 26908t
ance, was measured centrally between the carotid and femoralTotal cholesterol, mmol - L™ 4.220.1 4.220.1
arteries and in the leg between the femoral and dorsalis pedis arteriesHpL cholesterol, mmol - L™ 1.2+0.1 1.0+0.1
by simultaneous applanation tonometry (SPT-301, Millar o
Instrumentsy? LDL cholesterol, mmol - L 2.6+0.6 2.7+01
Total triglycerides, mmol - L™ 1.2+0.1 1.0£0.1
Proximal Aortic Stiffness FSH, U - L™ 42+05 3.8+05
The stiffness of the transverse aortic arch was measured from LHU- L 51+0.5 4.8+0.4
suprasternal M-mode echocardiographic images obtained with the _ B
use of a Hewlett Packard model 77020A phased-array sector 'estosterone, nmol - L 10.9£0.7 121209
scanner. Stiffness was quantified with tBeindex and Ep. The 24-h urinary sodium excretion, mmol 15816 18313
B-index is defined as the natural logarithm of the quotient of carotid Dominant handgrip strength, kg 4449 56+2t

systolic blood pressure to diastolic blood pressure, all divided by the
normalized systolic expansion (S), where ®s—Dd)/Dd, Dd is the Nondominant handgrip strength, kg 42=2 5521
minimum aortic diameter in diastole, and Ds is the maximum aortic Vo,max, ml - min~" - kg™ 41+2 44+2
diameter in S)_/stole. Ep is deflned_ as carotid pulse pressure divided Wmax, W 997413 26012
by the normalized systolic expansion (S). The Ep data were normal-
ized with the use of the natural logarithm. We have previously shown  Values are mean=SEM.

these methods to have high repeatabfity. *P<0.05, 1P<0.01, significant difference from controls.

Biochemical Analyses compliance and the diameter of the transverse aorta durin
Blood for analyses was collected into EDTA tubes, placed on ice, P 9

and then centrifuged at 3000 rpm within 10 minutes of collection. diastole or systole (Table 2).
Plasma was frozen at —20°C. Total, LDL, and HDL cholesterol and ]
triglycerides were determined enzymatically with a Cobas-BIO Hemodynamics

centrifugal analyzer (Roche Diagnostic Systefiisy.SH, LH, and Resting heart rate did not differ between controls £@2
testosterone were determined by automated immunoassays. bpm) and athletes (623 bpm). Mean resting arterial pressure
Statistical Analyses (cont.rols, 81 mm Hg; athletes, 852 mm H.g; Figure),
Data from the 38 study subjects were collated and statistically cardiac output (controls, 1.2&).08 AFU’ athletes,
analyzed with the use of SPSS for Windows version 8.0.0. All 1.28=0.10 AFU), and total peripheral resistance (controls,
variables for the athletic and control groups were compared with a 17.6+1.4 ARU; athletes, 1671.5 ARU) were similar in
tz'tﬁ‘”ed g”Paire?]_StU%emE;Siosé‘;“iicf' Sigft‘gicaﬂce was _?_ezme"d both groups. The athletes demonstrated a greater brachial
0 have been achieved w .05. Unless otherwise specified, a - .
group representative results are presented as m®8BM. systolic blood pressure (controls, 162 m.m Hg, athletes,
120+3 mm Hg;P=0.01) and lower brachial diastolic pres-
Results sure (controls, 631 mm Hg; athletes, 581 mm Hg;

Group characteristics are presented in Table 1 and show that”<0.05; Figure ). Consequently, the athletic group had a
the strength-trained athletes and sedentary controls weregreater resting brachial pulse pressure than controls (controls,
comparable in age, height, lipid levels, aerobic fitness (as- 502 mm Hg; athletes, 663 mm Hg; P<0.01). These
sessed by ¥,max and Wmax), FSH, LH, testosterone, and differences were similar for both carotid systolic pressure
24-hour urinary sodium output. Body mass and therefore (controls, 110+2 mm Hg; athletes, 118 mm Hg;P<0.05)
body mass index (BMI) were significantly greater in the and pulse pressure (controls, #2 mm Hg; athletes,
athletic group. Confirming the training status of the athletic 56=3 mm Hg;P<0.01). The difference in brachial systolic
group was a greater handgrip strength in both the dominantpressure was maintained at maximum exercise (controls,

and nondominant forearms. 1865 mm Hg; athletes, 2625 mm Hg; P<<0.05) despite
similar maximum heart rates (controls, 183 bpm; athletes,
Cardiac Structure and Function 181+3 bpm).

Absolute left ventricular mass was greater in the athletic

group; however, this difference was not significant after Arterial Mechanical Properties

normalizing for body surface area (Table 2:=0.14). Nor- Whole body arterial compliance was significantly lower and
malizing left ventricular mass by body mass further equalized aortic input impedance significantly higher in the athletic
the 2 groupsP=0.82). In addition, there was no difference group than in the control group (Table 2). The higher values
between groups in the ratio of wall thickness to lumen or for for regional measures of aortic stiffness, includiggndex,

any echocardiographic measure of systolic or diastolic func- Ep, and In Ep in the athletic group, suggest that stiffening was
tion, including the aortic root area used to calculate arterial present in the region of the transverse aortic arch. The similar
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TABLE 2. Cardiac Structure and Function and Arterial Mechanical Properties

Controls Athletes

Variable (n=19) (n=19)
Cardiac structure and function

Left ventricular mass, g 168+8 190+8*

Left ventricular mass/BSA, g - m~2

Left ventricular mass/BW, g - kg™

Average wall thickness/LVID

LVID, cm

FS, %

E/A

Deceleration time, s

Aortic root area, cm?

Transverse aortic diameter (systole), cm

Transverse aortic diameter (diastole), cm
Arterial mechanical properties

Whole body arterial compliance, ACU

87.8+3.3 95.1+3.6

2.33%+0.09 2.30+0.10

0.19%+0.01 0.18+0.01
5.1+0.08 5.3+0.1

361 37=1
1.9+0.1 21x0.2
0.17x0.01 0.18+0.01
41=01 3.9%0.1

2.79+0.08 2.74%+0.05
2.44+0.07 2.40=0.04

0.54+0.04 0.40+0.04t

Input impedance modulus at 1st harmonic, mm Hg « s - cm™" 1.64=0.10 2.23+0.24*

Characteristic impedance, mm Hg - s - cm™’
Reflection factor

1.18+0.08 1.55+0.13*
0.32+0.02 0.37£0.02

Frequency, 1st minimum of impedance modulus, Hz 3.4+0.2 3.8+0.2

Carotid-femoral PWV, m - s7'
Femoral—dorsalis pedis PWV, m - s~'
B-Index

Ep, KN - m~2

Ln Ep

6.6+0.2 6.5+0.2
8.1+0.3 9.2+0.31
3.8+0.4 46+0.2*
43+4 54+3*

10.600.08  10.86+0.06t1

Values are mean=SEM. BSA indicates body surface area; BW, body weight; E/A, ratio of early to
late transmitral diastolic blood flow; and PWV, pulse wave velocity.
*P<0.05, 1P<0.01, significant difference from controls.

reflection factors and higher characteristic impedance in the aorta, was not different between groups. In the periphery,
athletic group suggest that differences in aortic stiffness had athletes exhibited a higher leg pulse wave velocity than
a structural origin. Directly measured carotid-femoral pulse controls.

wave velocity, which omits the most proximal part of the

250

ﬁﬂJI"

SBP DBP MAP PP  SBR, SBP PP

max

Arterial blood pressure (mmHg)

i 1 1
peripheral (brachial) central {carotid)
[ controls I athletes

Brachial and carotid arterial blood pressure in controls and ath-
letes. All pressures are resting except maximum systolic blood
pressure (SBP..), which corresponds to maximum exercise.
SBP indicates systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; and PP, pulse pressure.
*P<0.05, **P<0.01, significant difference from control group.

Discussion
This is the first study to systematically characterize central
and peripheral blood pressure and mechanical properties in
moderately but exclusively power-trained athletes. Our data
indicate that whole body arterial compliance is lower in
strength-trained men than in age-matched sedentary controls.
Furthermore, this difference in arterial compliance cannot be
attributed to differences in mean arterial pressure but rather is
most likely due to intrinsic differences in the proximal aorta
of strength-trained and sedentary men. This can be justified
by examining the differences in aortic stiffness indices and
characteristic aortic impedance observed between the 2 study
groups.

Previous studies have shown a decrease in arterial
compliance with advancing age$ in atherosclerosis and
coronary heart disease?-12and in hypertensioi-15and
an increase in endurance-trained athlét&s8The differ-
ence observed between the 2 groups cannot be explained
by the presence of any of these factors, because age, lipid
profiles, resting mean arterial pressures, and aerobic fit-
ness (quantified by ¥,max) were comparable in the 2
groups. Undeclared steroid use is another possible con-
founding factor; however, the reductions in HDL choles-
terol#445FSH, LH, and testosteroffe*” usually observed
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with abuse of androgenic-anabolic steroids were not pres- wave velocity calculation. The appropriate transit distance
ent in our athletes, making this possibility unlikely. The is the manubrium sternum—femoral distance minus the
difference in BMI between the groups must also be carotid—-manubrium sternum distan€elhus, central pulse
considered; however, studies in both our own laboratory wave velocity does not incorporate the most proximal part
and other#& have not found an association between BMI of the aorta. Since all our other measures of arterial
and stiffness of the large elastic arteries. Furthermore, mechanical properties do include the proximal aorta, the
neither arterial compliance nor systolic blood pressure was data suggest that the effects of strength training may be
correlated with BMI in this study. specific to this region.

Consistent with the lower arterial compliance of the Leg pulse wave velocity was higher in athletes, indicat-
athletic group was the higher pulse pressure, measureding that the more muscular peripheral arteries were also
both peripherally at the brachial artery and centrally at the stiffer than those in sedentary controls. A previous study in
common carotid artery. The difference in pulse pressure hammer throwers reported higher compliance in the radial
was attributable to both greater systolic and lower diastolic artery of the dominant arm relative to both the contralateral
arterial blood pressure in the athletes. While previous arm and to an inactive control groap.The difference
studies have reported that muscular strength—trained ath-between these findings and our own may relate to the
letes have similar or lower pressures than the sedentaryarm-specific and dual static and dynamic components of
population, such studies have been confounded by ahammer throwing.
number of factors. These have included absence of control Consistent with previous studies, our echocardiographic
dataz® nonsedentary control groug%,small sample siz- data support the notion that static exercise increases left
es3t steroid use€® and nonobjective methods of blood ventricular mass in absolute terms but not in relation to
pressure assessmeags30-32 Therefore, our study has skeletal muscle mags:.51In competitive weight lifters, the
revealed a significant difference in resting arterial pulse increase in left ventricular mass results in a concentric left
pressure but not mean pressure in exclusively strength-ventricular hypertrophy assessed by either the ratio of
trained individuals not previously identified. Furthermore, mass to volume or the ratio of wall thickness to lumen
the higher systolic pressure of the athletic group was diameter?2 The athletic group of the present study in-
maintained at maximal exercise, indicating a greater after- cluded some competitive weight lifters and body builders,
load during aerobic exercise in the strength-trained group. but most were amateur and, consistent with previous data
Our findings do not, however, preclude a blood pressure— relating to athletes of this caliber, did not show an increase
lowering effect of more moderate levels of dynamic in ratio of wall thickness to lumef® The mechanism
resistance training, as reported by KeHeyn a recent linking increased skeletal muscle mass to increased cardiac
meta-analysis. mass might plausibly be related to the intermittent eleva-

The afterload presented to the heart during each cardiactions in arterial pressures experienced during muscular
cycle can be quantified by the determination of aortic input strength-training exercis&-241n the long term, however,
impedance. This is dependent on the intrinsic physiologi- our data suggest that stiffening of the proximal aorta may
cal characteristics of the arterial tree, the characteristic contribute to left ventricular hypertrophy through elevation
impedance, and the magnitude and timing of reflected in resting systolic blood pressure and by augmenting the
pressure waves from the periphery. Aortic input impedance pressor responses experienced during exercise.
and both of its components, characteristic impedance and The cross-sectional nature of this study does not permit
wave reflection, along with regional aortic stiffnesg-( investigation of the mechanisms by which regular muscu-
index and Ep) and leg pulse wave velocity, were used to lar strength training may decrease proximal aortic and leg
determine whether the observed difference in whole body compliance. It is likely that the acute elevations in arterial
arterial compliance was more likely to be due to structural blood pressure associated with resistance exercise lead to
differences in the proximal arterial system or to differences long-term changes in the smooth muscle content of the
in reflection properties. Aortic input impedance was shown arterial wall and the load-bearing properties of collagen
to be greater in the athletic group compared with controls and elastin. There is increasing evidence, from animal
and was associated with a greater characteristic impedancestudies, that the relative proportions and properties of
in the absence of a difference in the wave reflection collagen and elastin within the arterial wall change after
component. These data suggesting that the strength-trainegeriods of aerobic exercise trainifg®® Although these

athletes had structurally stiffer aortas were further sup-
ported by our regional measures of aortic stiffngssdex

and Ep, which were higher in the trained group. Directly
measured carotid to femoral pulse wave velocity was not,
however, different between the 2 groups. This method

studies investigated the effects of aerobic endurance exer-
cise, the results remain relevant, since they indicate that
changes in intrinsic arterial wall characteristics can occur
after relatively short periods of exercise training.

This study has demonstrated that a regular resistance-

measures the temporal separation of the occurrence of thetraining program designed to promote skeletal muscle
pressure wave in the carotid and femoral arteries. Since westrength in healthy young men is associated with lower
assume that at the time the pressure is measured in theproximal aortic and leg compliance than those in an
carotid artery, the wave moving toward the femoral artery age-matched control group. These vascular changes were
will have traversed the same distance, the correspondingassociated with higher central and brachial pulse pressures
length of proximal aorta is not incorporated in the pulse at rest and higher brachial systolic pressure at maximum
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aerobic exercise. The clinical implications of these find- 19
ings with regard to cardiovascular risk warrant further
investigation. 20
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