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Summary

Background: Vascular endothelia function has been ob-
sarved to correlate with exercise capacity in predominantly
mal e populations. Gender-based differencesexist in the clini-
cal courseof coronary artery disease, and previous studiesin-
dicatethat estrogen may influenceendothelid function. These
observationsraisethe possibility that the rel ationship between
endothelia function and exercise capacity in women may dif-
fer fromthat inmen.

Hypothesis: Thisstudy aimed to determinewhether periph-
eral vascular endothelial function correlateswith exercise ca
pacity inwomen.

Methods. Women who werereferred for clinically indicat-
ed exercise testing with technetium-99 myocardia perfusion
imaging were consecutively recruited. To ensureapopuletion
freeof exerciselimitation duetoischemic heart disease, wom-
en without myocardia perfusion defects were included for
analysisinthisstudy (n = 105). Endothelial function was as-
sessed by brachial artery ultrasound flow-mediated vasodila
tion (FMD). Exercise capacity was defined asthe duration of
exercise on asymptom-limited Bruce protocol.

Results: Mean FMD was 11.8 + 0.6%, and median FMD
was 12%. Subjectswith an FMD lessthan themedian of 12%
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had asignificantly shorter exercisetimethan thosewith FMD
>12%(411+ 17vs. 482+ 24 s,p=0.014). Therewasasignif-
icant correlation between FMD and exercise time (r = 0.34,
p<0.001). Ageand body massindex were additiond predic-
tors of exercisetime; however, there ationship between FMD
and exercisetimewasindependent of thesevariables.

Conclusion: Brachia artery FMD correl ateswith exercise
capacity in women, even in the absence of ischemic heart
disease.
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Introduction

Vascular endothelial dysfunctionispresent inindividuals
with atherosclerosis and is a predictor of cardiac eventsin
these patients.1=° It has been observed that peripheral vascu-
lar endothelial function isalso abnormal inindividualswith
heart failureand correl ateswith exercise capacity inthese pa-
tients.5 7 In addition, one prior study, conductedin apredom-
inantly male population, has observed a correl ation between
endothelia function and exercise capacity in subjectswithout
heart failureor coronary artery disease (CAD).8 These obser-
vationssuggest that endothelium-dependent vasodilation and
exercise capacity areinterrelated. However, most of the cur-
rently available data are predominantly from male subjects,
and whether peripheral vascular endothelia function corre-
lateswith exercise capacity inwomenisunknown. It hasbeen
observed that gender-based differences exist in the clinical
course of CAD, suggesting that the pathogenesis of athero-
sclerosisinwomen may differ fromthatin men.? In addition,
severa studies have indicated that estrogen has acute and
chronic effects on vascular endothelial function.1%14 These
observations raise the possibility that the relationship be-
tween endothelial function and exercise capacity in women
may differ from that in men. The purpose of thisstudy wasto
determine whether brachia artery flow-mediated vasodila-
tion correlates with exercise capacity in women.
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Methods

Female subjects were recruited from a popul ation of con-
secutive outpatientswho had beenreferred for clinicaly indi-
cated exercisemyocardia perfusion testing. Reasonsfor refer-
ral for stresstesting included chest pain (76%), dyspnea(9%),
palpitations (5%), preoperative evauation (4%), abnormal
eectrocardiogram (ECG) (2%), dizziness/syncope (2%), and
screening for ischemia in patients with cardiac risk factors
(2%). Exclusion criteriaincluded inability to exercise, history
of coronary artery disease, heart failure, significant valvular
disease, or refusal to participate in the study. All subjects
underwent symptom-limited exercise treadmill testing on a
Bruce protocol, with technetium-99 myocardia perfusion
imaging. To avoid potentia confounding effects of the pres-
ence of ischemic heart disease on exercisetime, women who
were found to have fixed or reversible perfusion defects on
stresstesting were excluded from the analysis. Subjectswere
considered to be free of ischemic heart diseaseif they had no
perfusion defects on stress testing. Left ventricular gection
fraction was determined from gated single-photon emission
tomography. Exercise treadmill time was measured in sec-
onds. The protocol was approved by the Tufts-New England
Medica Center Ingtitutional Review Board, and written in-
formed consent was obtained for all study subjects.

As described in prior studies,® 8 15 peripheral vasomotor
function was assessed by brachid artery ultrasound testing,
which was performed according to standard techniques.16. 17
Subjectsfasted overnight prior to testing and abstained from
smoking ontheday of testing. Longitudinal axisimagesof the
brachial artery were obtained abovetheantecubita fossausing
a10-MHz linear array vascular transducer (Genera Electric,
Vingmed, System Five, Horten, Norway). A sphygmomano-
meter cuff (Hokanson, Bellevue, Wash., USA) was placed
proximal to thetransducer and inflated to suprasystolic pres-
surefor 5min. Pulsed-wave Doppler recording was obtained
immediately after cuff deflation to confirm the presence of
reactive hyperemia. The brachia artery wasimaged continu-
oudy for thefirst minute after cuff deflation, and the pesk hy-
peremic brachia artery diameter was measured 1 min after
cuff deflation. Endothelium-dependent vasodilation was as-
sessed by measuring brachial artery flow-mediated vasodila-
tion (FMD), calculated as[100 X (reactive hyperemiadiame-
ter-basdline diameter)/basdline diameter].

After 10 min, repeat basdline arteria diameter measure-
mentswere obtained. Sublingua nitroglycerin (400 mcg) was
administered, and brachial artery diameter measurements
were made 5 min after administration of nitroglycerin. Nitro-
glycerinwasnot admini stered to subjectswhose systolic blood
pressure was < 90 mmHg or those with ahistory of nitroglyc-
erin intolerance. Endothelium-independent vasodilation was
determined by cdculating the percent increase in arteria di-
ameter after nitroglycerin, compared with prenitroglycerin
basdlinediameter.

Mean values for intra- and interobserver variability of
FMD measurements in our laboratory are 1.9 and 2.8%,

respectively.

Statigtical analysis was performed using Statistical Pack-
age for Social Sciences SigmaStat software, version 2.0
(SPSS, Chicago, I1l., USA). Data were assessed for normal
distribution, and differences between groups were compared
using the Student’ st-test. Linear regression andysiswas per-
formed to assess associati ons between baseline variables and
exercisetreadmill time. Multivariate analysiswas used to de-
terminetherelationship between FM D and exercisetreadmill
time, and to evaluate for any potential confounding variables.
Data are presented as mean vaues + standard error of the
mean (SEM). A probability value< 0.05wasconsidered to be
statistically significant.

Resaults

In al, 123 women were enrolled in this study. Eighteen
women (15%) werefound to have myocardia perfusion de-
fects; these were excluded from analysis to avoid the con-
founding effects of ischemic heart disease on exercisetime.
The basdline characteristics of the group of women without
ischemic heart disease (n = 105) are shown in Table |. The
maxima heart rate achieved was 151 + 1 beatsmin, and per-
cent of age-predicted maximal heart ratewas 92 + 1%. Rea-
sonsfor termination included fatigue (69%), dyspnea (25%),
chest pain (6%), and leg discomfort (2%). Mean basdine
brachial artery diameter was 3.2 £ 0.1 mm, hyperemic diam-
eter was 3.6 £ 0.1 mm, and mean FMD was 11.8 + 0.6%. The
median FMD was 12%. The mean nitroglycerin-mediated
vasodilation was 23.3 £ 1% (prenitroglycerin diameter = 3.3
+ 0.1 mm, postnitroglycerin diameter = 4.1 £ 0.1 mm).
Among premenopausal women (n = 30), mean FMD was

TaBLE | Basdinecharacterigtics

Subjects(n=105)
Age, years(range) 55+ 1(34-79)
LVEF, % (range) 65+ 1(46-78)
Exercisetime(s) 47+14
Diabetesmellitus, n (%) 6(6)
Hypertension, n (%) 44(42)
Smoker, n (%) 8(8)
Hypercholesterolemia, n (%) 46 (44)
Family history CAD, n (%) 61 (58)
Postmenopausal, n (%) 75(71)
Total cholesteral, mg/dl 211+4
LDL cholesterol, mg/dl 127+5
HDL cholesterol, mg/di 58+2
ACE inhibitor, n (%) 15(14)
Nitrates, n (%) 8(8)
Statin, n (%) 18(17)
Other lipid Rx, n (%) 8(8)

Abbreviations: ACE = angiotensin-converting enzyme, CAD = coro-
nary artery disease, HDL =high-density lipoprotein, LDL =|ow-den-
sity lipoprotein, LV EF =l eft ventricular gjection fraction.
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Fic.1 Exercisetreadmill time in women without ischemic heart
disease who had flow-mediated vasodilation (FMD) <the median
value of 12% (n = 58) and thosewith FMD = 12% (n=47).

12.9+ 1.1%, compared withan FMD of 11.4 + 0.8% in post-
menopausal women (n = 75, p = 0.289). Among the post-
menopausal women, there was no significant difference in
FMD between those on (n=17, 11.8 + 1.6%) and those not
on hormonereplacement therapy (n=58,11.2+ 0.9, p=NS).

Usngthemedian FMD of 12% asacut-point, subjectswith
an FMD = 12% had asignificantly longer exercisetime than
thosewith FMD < 12% (Fig. 1). Univariate linear regression
analysisdemonstrated that FM D predicted exercisetime(r =
0.34, p<0.001). There were insufficient numbers of pre-
menopausal women to perform an analysis of the association
between FM D and exercisetimeinthissubgroup. However, in
the subgroup of postmenopausa women (n=75), therelaion-
ship between FM D and exercisetimeremained significant (r =
0.375, p<0.001). Therewas no associ ation between exercise
time and the presence of hypertension, diabetes, hypercholes-
terolemia, or smoking. Linear regression analysis was aso
used to examine the associ ations between exercise time and
age, left ventricular gjection fraction, and body massindex. Of
thesevariables, age (r = 0.44, p<0.001) and body massindex
(r=—0.313, p<0.001) were additional predictorsof exercise
time. Multivariate analysisdemongtrated that the relationship
between FMD and exercise time remained significant (p =
0.022) independent of age and body massindex.

Discussion

The results of this study demonstrate that brachid artery
FMD correlates with exercise treadmill time in women.
Though age and body massindex were additiona predictors
of exercise capacity, the relationship between endothelia
function and exercise capacity wasindependent of these vari-
ables. Previous studies have observed a correlation between
peripheral vascular endothelial function and exercise capacity
in predominantly male popul ationsin the setting of coronary
artery disease, heart failure, and following cardiac transplanta-
tion.”2 18 The correl ation observed between vasomotor func-
tion and exercise capacity in women did not result from the
presenceof ischemiaor left ventricular dysfunctioninthecur-
rent study, asthisfinding was noted in apopul ation of women
freeof thesedisorders.

Previousstudies support the concept thet thereisacomplex
interaction between exercise capacity and vascular function.
For example, existing dataindicate that i nterventionsthat im-
prove endothelial function may improve exercise capaci-
ty.19-21 Maxwell et al. have previoudy reported that treatment
with arginine improves flow-mediated vasodilation and the
duration of exercise prior to developing ischemiain subjects
with coronary artery disease.l® In addition, severd studies
have demongtrated that exercisetrainingimprovesendothelial
function.® 20 While the mechanisms of the relationship be-
tween endothelial function and exercise have not been fully
€lucidated, these prior datasuggest that vascular function and
exercise are interdependent and may influence each other.
Thus, while exercise can amdliorate endothelial dysfunction,
the resultant improved vascular function may subsequently
improve exercise tolerance and cardiac risk. It isinteresting
that, in addition to its effects on endothelial function, exercise
training hasalso been reported to reduce cardiac events, 22 sup-
porting the link between exercise, endothelial function, and
prognoss.

The association between endothelia function and exer-
cise has been most extensively studied in the heart failure
population, in whom endothelia function is often im-
paired.6 7. 20.21.23 K at7 et al. observed that nitric oxide syn-
thaseinhibition reduced exercise-induced blood flow in nor-
mal subjects, but not in patientswith heart failure, suggesting
that nitric oxide-mediated vasodilation during exerciseisim-
pairedinindividua swith heart failure.23 In addition, Hirai et
al. have reported that inhibition of nitric oxide synthasere-
sulted in reduced blood flow to exercising skeletal musclein
rats.2* In asmall human study, Gilligan et al. observed that
inhibition of nitric oxide synthaseresultedin decreased fore-
arm blood flow during hand-grip exercise.?> Furthermore,
the extent of inhibition of nitric oxide-mediated vasodilation
correl ated with the degree of declinein exercise blood flow.
These observationssuggest amechanistic basisfor acorrdla
tion between endothelial function and exercise capacity. The
current study isthe largest investigation to date of therela-
tionship between exercise capacity and endothelial function
in women and indicates that this association is present in
women in the clinical setting, even in the absence of isch-
emic heart disease.

Limitations

Information regarding daily exerciselevel wasnot available
for al subjects, and sinceexercisetraining influencesendothe-
lid function, it is possible that varying degrees of physical
training among our patients may have affected endothelial
function. In addition, it ispossiblethat other variablesthat are
not accounted for could have influenced exercise capacity or
endothelia functioninthispatient population. Whileinitia in-
tervention studiessuggest acausativerel ationship between en-
dothelia function and exercisetol erancein men, more exten-
sivestudieswill be needed to determinewhether interventions
that improve endothelia function can aso enhance exercise
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capacity in women. The results of such intervention studies

will

further elucidate whether endothelia function plays a

causativerolein determining exercise capacity inwomen.

Conclusion

Peripheral vascular flow-mediated vasodilation correlates
with exercise capacity in women, eveninthe absence of isch-
emic heart disease.
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