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The incidence of cardiovascular disease is lower in premenopausal women compared with men; following menopause, the risk
of mortality from cardiovascular disease increases in females. Postischemic dilatation of the brachial artery has been used
previously as an index of endothelium-mediated vasodilation. Using this index, we examined a group of premenopausal and
postmenopausal women, some of whom were on estrogen replacement therapy (ERT). Al subjects were normotensive (blood
pressure [BP] <140/90 mm Hg) and normogiycemic (blood glucose, <100 mg/dL). Fourteen healthy women (mean age,
27 = 0.8 years; mean total cholesterol, 174 = 6.7 mg/dL) and fourteen healthy men {mean age, 26 = 1.4 years; mean total
cholesterol, 181 = 7.2 mg/dL) were investigated. Nineteen postmenopausal women were also examined; 11 were on ERT
(mean age, 55 *= 2.1 years; mean total cholesterol, 213 = 6.6 mg/dL) and eight were not on ERT (mean age, 60 = 3.6 years;
mean total cholesterol, 222 + 14.4 mg/dLl). Ischemia was induced by inflating a cuff over the forearm to a pressure of 40 mm Hg
above systolic for 5 minutes. Doppler ultrasonography (Acuson [Mountain View, CA] 128XP/10c ultrasonograph with a
7.5-MHz linear array transducer) was used to measure the brachial artery diameter before inflation and 15 seconds and 45 to 60
seconds following cuff deflation. Flow-mediated dilatation (FMD%) and hyperemia were defined as the percentage increase
over basal diameter and basal flow, respectively. Postischemic median dilatation in men was 4.20% (interquartile range, 2.13%
to 5.56%) and 11.48% (interquartile range, 8.70% to 14.29%) in age-matched premenopausal women (P < .01). For women on
ERT, the postischemic median dilatation was 8.11% (interquartile range, 6.01% to 11.60%), as compared with 2.82%
{(interquartile range, 1.32% to 3.28%) for women without ERT (P < .01). Premenopausal women showed significantly greater
dilatation after ischemia than postmenopausal women without ERT (P < .0001). Hyperemia was similar in all groups. These
findings show that postischemic vasodilation of the brachial artery is greater in premenopausal women versus age-matched
men; it is decreased in postmenopausal women, and ERT restores it toward normal. The pathophysiology underlying the
diminution in postischemic dilatation may be relevant to atherogenesis and coronary artery disease (CAD).

Copyright © 1999 by W.B. Saunders Company

T IS KNOWN that cardiovascular disease is more prevalent
in males than in females preceding the onset of menopause.
However, after menopause, females exhibit an increased risk of
coronary artery disease (CAD) nearly equaling male cardiovas-
cular morbidity and mortality rates in the seventh decade of life
and later. Whereas premenopausal women have a one in 1,000
risk of CAD, the risk quadruples after menopause. The adminis-
tration of estrogens to postmenopausal women has been shown
to protect this age group from cardiovascular morbidity and
mortality. These epidemiological observations suggest that
estrogens may exert a protective cardiovascular effect, thereby
decreasing the postmenopausal risk for CAD and related
vascular diseases.

Numerous studies supporting the beneficial effects of estro-
gen on the lipid profile, ie, a reduction of low-density lipopro-
tein (LDL) and an increase of high-density lipoprotein (HDL),
and thus vascular health have been published. Estrogen replace-
ment therapy (ERT) has also been shown to have a role in
survival statistics for postmenopausal coronary artery bypass
grafting procedures. as well as CAD.!** Enhanced fibrinolysis
caused by increased circulating levels of estrogen in these
patients is one potential mechanism for the increased CAD
survivability, although much evidence also points toward an
upregulation of the nitric oxide (NO) synthase signaling mecha-
nisms by estrogen.>10

A novel method for noninvasively measuring the reactivity of
the arterial vasculature has been developed over the past few
years. The use of high-frequency ultrasound allows investiga-
tors to accurately visualize and measure small changes 1n the
structure, diameter, and blood flow of a single conduit vessel.
The brachial artery is ultrasonographically imaged in a longitu-
dinal section to measure changes in the diameter of the artery
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and blood flow after an ischemic episode in the forearm. This
technique has been studied very well and is accurate and
reproducible in the measurement of changes in diameter.
Evidence has shown that the effect of postischemic vasodilation
measured by ultrasound, plethysmography, and femoral artery
probes is an endothelium-dependent NO-mediated event.!!13 In
certain disease states associated with an increased risk of
atherosclerosis, a measurable decrease in vascular reactivity has
been shown through ultrasound. Some of these conditions
include smoking, diabetes mellitus, hypercholesterolemia, and
peripheral vascular disease.'+1?

Within the past 5 years, both ultrasound and plethysmogra-
phy have revolutionized the way investigators are able to study
mportant vascular parameters. Coronary vasomotor function
and arterial compliance have both been shown to increase with
ERT in the postmenopausal years. Increases in peripheral blood
flow have also been reportedly linked to ERT use in the same
age group.?0-22

It was thus our intention to initiate a study using the
ultrasound technique to examine the effect of circulating
estrogen on vascular reactivity in various groups of individuals.
We hypothesized that the study of younger age groups will
show a higher relative vascular reactivity in females versus
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males. We also expected to show that vascular reactivity will be
lower in postmenopausal women, and the prolonged use of
exogenous estrogens after menopause (ERT) will restore endo-
thelium-dependent vasodilation as measured by this technique.

SUBJECTS AND METHODS
Subjects

We began the study with an initial examination of male-female
vascular reactivity differences in the younger age group. Fourteen men
and 14 age-matched women aged 20 to 31 years were examined for the
postischemic vasodilatory response of the brachial artery. All women
were in the follicular phase of the menstrual cycle. We then studied 19
age-matched healthy postmenopausal women aged 49 to 75 years with
the same methods; 11 were on ERT and eight were not. Nine women on
ERT were taking Premarin (Wyeth-Ayerst. Philadelphia, PA) at a dose
0f 0.625 to 1.25 mg daily. Two women on ERT were taking a stable dose
of Prempro (0.625 mg Premarin and 2.5 mg progesterone; Wyeth-
Ayerst). All 11 women were on ERT for at least 3 years, while those
without ERT had an average postmenopausal duration of 10 years
without ERT. All subjects were healthy caucasians. nonsmokers,
normoglycemic, and normotensive (blood pressure [BP]) <140/90 mm
Hg) with no history of CAD or other vascular disease. The total
cholesterol level was less than 250 mg/dL. and the body weight was not
more than 30% over their ideal body weight (Tables 1 and 2). Other than
ERT, no subjects were taking prescription or over-the-counter medica-
tions known to directly affect vascular responsivity, including angioten-
sin-converting enzyme inhibitors or cholesterol-reducing agents.

Methods

All vascular imaging studies were conducted in an environmentally
controlled laboratory with a constant temperature of 21°C. Participants
were made comfortable in the supine position, at which point a
sphygmomanometer cuff was placed on the forearm and a three-lead
electrocardiogram (ECG) was set in the normal fashion. An Acuson
(Mountain View, CA) 128 XP/10c high-resolution ultrasonograph with a
7.5-MHz linear array transducer was used. The Doppler signal was

Table 1. Characteristics of Younger Age Group

Premenopausal
Characteristic Men Women P

No. of subjects 14 14
Age (yr) 26 £ 14 27 £ 0.8 NS
BP (mm Hg)

SBP 122 = 1.8 114 =23 <.05

DBP 80 = 1.6 72 =15 <.05
Lipid profile

LDL (mg/dL) 11274 100 £ 6.7 NS

HDL {mg/dL) 41 = 2.1 51 £28 <.08

TG (mg/dL) 138 = 15.8 94 7.3 <.05
BMI (kg/m2) 26 = 2.0 22 = 0.9 <.05
Glucose (mg/dL) 8144 73+23 NS
Multipie linear regression

analysis*t

Baseline diameter .23

SBP .33

DBP 31

BMI .50

TG .05

HDL .06

NOTE. Data are the mean * SE and were analyzed by ttest.
*Dependent variable, absolute diameter change.
TAfter forward stepwise regression yielded no independent variables.

PERREGAUX ET AL

Table 2. Characteristics of Postmenopausal Group

Charactenstic With ERT Without ERT P
No. of subjects 1 8
Age {yr) 55 * 2.1 60 = 3.6 NS
BP {mm Hg)

SBP 131 £ 3.4 121 = 4.1 NS

DBP 81+25 74 + 2.2 NS
Lipid profile

LDL {mg/dL) 123+ 7.1 138 £ 125 NS

HDL (mg/dL) 62 = 5.0 6155 NS

TG (mg/dL) 148 * 26.3 118 = 26.4 NS
BMI (kg/m?) 25+ 1.4 25+ 15 NS
Glucose (mg/dL)} 75 £ 3.0 75 = 4.8 NS

NOTE. Data are the mean = SE and were analyzed by t{est.

placed at a 70° angle to the arterial lumen with the gate set at 1.5 mm in
the center of the artery. The transducer with room temperature
ultrasound gel was held stationary at a constant distance from the skin.
The transducer was placed over a fixed point parallel to the brachial
artery with the help of a custom-built stand to reduce investigator
motion error and local pressure. A longitudinal view of the brachial
artery proximal to the antecubital space was continuously recorded on
super-VHS videocassettes. Arterial flow was confirmed by color
Doppler, and calipers were placed at the center of the longitudinal
image on the split screen to measure the diameter of the artery and blood
flow velocity represented as a triphasic waveform. These initial baseline
measurements allowed patients a 10-minute rest before proceeding with
any experimental intervention.

Once baseline measurements were achieved 1n the resting state, the
cuff was inflated to 40 mm Hg above the measured systolic BP to ensure
occlusion of the arterial supply to the forearm. A lack of systolic flow
was validated by color Doppler scanning of the radial artery with a
second transducer. After 5 minutes, the cuff was rapidly deflated and
postischemic diameter and flow measurements were taken at 15 seconds
and agamn at 45 to 60 seconds (the time window of maximal reactive
diameter change). Measurements were continued for 5 to 10 minutes
until a return to the baseline arterial diameter. The videocassette
recordings were then evaluated by a blinded observer to assess the
dilatory responses of the brachial artery. Diameter measurements were
made with the ultrasonograph video playback function and taken
between the intima/media margins of opposing arterial walls on the
longitudinal scan. All measurements were made in millimeters and
taken at the peak of the R-wave from the synchronous ECG recording.
Interobserver variability in our laboratory had a calculated value of 2%
to 3%. Postischemic dilatation of the brachial artery (FMD%) was
expressed as a percent change over baseline diameter. Blood flow was
calculated in milliliters per minute using the formula, wd%/4 X TAV X
60, where d is the diameter of the vessel and TAV is the velocity-time
mtegral of the Doppler flow signal (corrected for angle). Flow velocity
used in this calculation was taken from the center of the artery and may
be overestimated, but relative flow values before and after cuff deflation
are accurate.”® Hyperemia was expressed as the percent increase in
basal arterial blood flow 15 seconds postdeflation. A subgroup of seven
males were given nitroglycerin after baseline was achieved again and
were observed by the same methods as previously described.

The Institutional Review Board of Millard Fillmore Hospital at the
State University of New York at Buffalo approved all protocols of this
study. All participants received a clear explanation of the study, and
informed consent was obtained for the ulirasound study and blood tests.

Statistics

All statistics were calculated using the Sigmastat (San Rafael. CA)
statistical package with a level of significance (P) set at .05 or less.
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Fig 1. FMD% for young age group by sex. Data are the median
{center lines) with interquartile range (grey zones). T-bars represent
95th percentile range for respective data. Circles represent max/min
values for data set. *P < .005 calculated by Mann-Whitney rank-sum
test.

Analyses were performed with Student’s ¢ tests for paired and unpaired
data, the Mann-Whitney rank-sum test for nonparametric data, or
one-way ANOVA. All statistics are reported as the mean = SE unless
otherwise noted. The power of all statistical tests was set at 0.80.
Sigmaplot was used for all graphical displays of the data.

RESULTS

The men had a mean resting arterial diameter of 4.16 *+ 0.15
mm, dilating to a mean of 4.35 = 0.14 mm after cuff deflation
(P = NS), while age-matched women had a mean resting
diameter of 2.98 = 0.09 mm that dilated to a mean of 3.36 =
0.12 mm (P < .05). The mean change in absolute diameter for
men and women was 0.19 = 0.05 and 0.38 £ 0.05 mm,
respectively (P < .05). The median postischemic percent dilata-
tion was 4.20% (2.13% to 5.56%) in men and 11.48% (8.70% to
14.29%}) in age-matched women (P < .0001) (Fig 1). There was
a significant difference in baseline measurements in males
versus age-matched females (P < .05) (Table 3). Once baseline
was achieved again, seven of these males were given nitroglyc-
erin. It was observed that while the mean FMD% of this group
was 4.09 * 1.22, similar to the larger group, the response to
nitroglycerin yielded a mean percentage change in arterial
diameter of 20.01% = 4.37% (P < .05).

Although some of the group characteristics such as BP, HDL,
triglycerides, and BMI differed significantly between men and
women, forward stepwise regression analysis (F to enter. 4.000)

Table 3. Vessel Diameter Data for Young Age Group

Premenopausal
Artenial Diameter (mm) Men Women P
Baseline 416 =015 298 = (0.09 <.05
Reactive 4.35 = 0.14 3.36 = 0.12* <.05
Change 0.19 = 0.05 0.38 = 0.05 < 05

NOTE. Data are the mean = SE and were analyzed by t test for
paired and unpaired data.

*Significant difference between baseline and reactive diameters
within a group.
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Table 4. Vessel Diameter Data for Postmenopausal Group

Arterial Diameter (mm) With ERT Without ERT P
Baseline 3.55 + 0.15 3.56 £ 0.10 NS
Reactive 3.88 = 0.17 3.64 = 0.11 NS
Change 0.33 = 0.06 0.09 = 0.02 <.05

NOTE. Data are the mean = SE and were analyzed by ¢ test for
paired and unpaired data. There was no significant difference be-
tween baseline and reactive diameters within either group.

indicated that there were no independent variables affecting the
absolute diameter change. In addition, multiple linear regres-
sion analysis of the same data showed that the laboratory values
were not correlated with a change in absolute diameter after
arterial reperfusion (Table 1). Furthermore, the aforementioned
laboratory studies were all within normal limits for both young
men and women, and there is no evidence to support the
proposition that such differences within the normal range would
affect postischemic arterial dilation.

Postmenopausal women on ERT had a mean resting arterial
diameter of 3.55 = 0.15 mm, dilating to a mean of 3.88 * 0.17
mm (P = NS), and women without ERT had a similar mean
baseline diameter of 3.56 = 0.10 mm, but had an increase to a
mean value of 3.64 * 0.11 mm following deflation (P = NS).
The mean change in the absolute diameter for women with and
without ERT was 0.33 £ 0.06 and 0.09 = 0.02 mm, respec-
tively (P < .05) (Table 4). Women treated with ERT had a
median postischemic percent dilatation of 8.11% (6.01% to
11.60%), while women without ERT had a median dilatation of
2.82% (1.32% to 3.28%; P <.01) (Fig 2). There was no
significant difference between the baseline diameter in both
postmenopausal groups, although premenopausal baseline mea-
surements differed significantly from both postmenopausal
values (P << .002). None of the group characteristics of post-
menopausal women showed any significant difference.

Young men had a mean hyperemic response of 337% = 39%,
while age-matched women had a value of 372% = 70%.
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Fig2. FMD% for postmenopausal women by ERT status, Data are
the median (center lines) with interquartile range (grey zones)}. T-bars
represent 95th percentile range for respective data. Circles represent
max/min values for data set. *P < .005 calculated by Mann-Whitney
rank-sum test.
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Table 5. Hyperemia (%) by Paired Groups
Postmenopausal Women
Premenopausal
Men Women With ERT Without ERT P
337 = 39 372 £70 NS
232 = 31 318 = 108 NS
372 £ 70 318 = 106 NS
372+ 70 232 £ 31 NS
337 =39 318 = 106 NS
337 = 39 232 = 31 NS

NOTE. Data are the mean = SE and were analyzed by ttest.

Women without ERT had a similar response of 318% = 106%,
and those with ERT responded with a mean value of 232% =+
31%. Flow measurements (hyperemia) were not significantly
different between any group, indicating that the shear stress
placed on the vessel, the stimulus for dilatation of the artery,
was similar in all groups (Table 5).

With relation to the younger age group, men had a signifi-
cantly higher baseline diameter compared with age-matched
women (P < .05). They also exhibited a significantly reduced
median percent dilatory response to ischemia than the women.
The postmenopausal groups had initial mean baseline measure-
ments that were almost identical. However, the median postisch-
emic dilatory response and the mean change in absolute
diameter in women with ERT were significantly higher than the
values in the untreated group. The postischemic dilatation was
greater in premenopausal women versus postmenopausal women
without ERT (P < .0001). There was no significant difference
in dilation between premenopausal and postmenopausal women
with ERT (Figs 3 and 4). The vasodilatory response was similar
between postmenopausal women without ERT and younger
men (Fig 5). Lastly, the response was significantly less in men
versus postmenopausal women on ERT (Table 6 and Fig 6).

DISCUSSION

Our data clearly demonstrate for the first time that postisch-
emic vasodilation is increased in premenopausal women com-
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Fig 3. FMD% for premenopausal women and postmenopausal
women without ERT. Data are the median (center lines) with interquar-
tile range (grey zones). T-bars represent 95th percentile range for
respective data. Circles represent max/min values for data set. *P <
.005 calculated by Mann-Whitney rank-sum test.
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Fig 4. FMD% for premenopausal women and postmenopausal
women with ERT. Data are the median (center lines) with interquar-
tile range (grey zones). T-bars represent 95th percentile range for
respective data. Circles represent max/min values for data set. The

data were not significantly different by Mann-Whitney rank-sum
test.

pared with age-matched men. We have also shown that the
vasodilatory response to ischemia in postmenopausal women
treated with ERT is markedly greater than the response in
postmenopausal women without ERT.

These data suggest that estrogen may have dramatic vascular
effects, the absence of which could be related to atherogenic
disease states, hypertension, and CAD risk in the postmeno-
pausal woman. The endothelium-dependent vasodilatory re-
sponse of the brachial artery was much greater in the groups
who probably had higher circulating levels of estrogen: namely
premenopausal women and postmenopausal women on treat-
ment with ERT. Women who opted not to use ERT had
dramatically lower levels of vascular reactivity closely similar
to the pattern of younger men. It would seem that with
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Fig 5. FMD% for men and postmenopausal women without ERT.
Data are the median (center lines) with interquartile range (grey
zones). T-bars represent 95th percentile range for respective data.
Circles represent max/min values for data set. The data were not
significantly different by Mann-Whitney rank-sum test.
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Table 6. FMD% by Paired Groups

Postmenopausal Women

Men Premenopausal Women With ERT Without ERT P
420 (2.13-5.56) 11.48 {8.70-14.29) <.005
8.11 (6.01-11.60) 2.83(1.32-3.28} <.005
11.48 {8.70-14.29) 2.83(1.32-3.28) <.005

11.48 (8.70-14.29) 8.11(6.01-11.60) NS

4.20 (2,15-5.56) 2.83 (1.32-3.28) NS
4.20 (2.15-5.56) 8.11{6.01-11.60) <.005

NOTE. Data are the median {interquartile range) and were analyzed by Mann-Whitney rank-sum test.

menopause, the endothelium-dependent response to ischemia in
women diminishes to a level resembling that of younger men.
This would explain the epidemiological trend for CAD inci-
dence in older women, increasing in the sixth decade of life and
equaling that of men. The data show that the use of ERT after
menopause preserves the endothelium-dependent vasodilatory
response and thus probably protects against certain vascular
incidents throughout the body.

We did not directly measure circulating estrogen levels
because Prempro and Premarin both contain various forms of
estrogen, thus making an absolute quantification of these
substances impractical. There are no current studies that iden-
tify a specific effect of the progesterone component on endothe-
lial tissues; this issue requires further study. The two women
who used this combination-type ERT had dilatory values
similar to those obtained on Premarin alone. A previous
well-controlled crossover study demonstrated that a 9-week
course of postmenopausal estrogen elicited a significant differ-
ence in vascular reactivity compared with age-matched placebo
groups.?* Another study has shown that ERT improved endothe-
lium-dependent vasodilation within 36 hours of supplementa-
tion in women, but not in men.2> However, until now, there are
insufficient data in the literature to show that this vascular
response to estrogen continues to have long-term effects on
postischemic vasodilation in the years following initiation of
the therapy. There is no study to date showing gender-dependent
differences in younger age groups.
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Fig6. FMD% for men and postmenopausal women with ERT. Data
are the median (center lines) with interquartile range (grey zones).
T-bars represent 95th percentile range for respective data. Circles
represent max/min values for data set. *P < 005 calculated by
Mann-Whitney rank-sum test.

Although men had a significantly higher baseline diameter
than premenopausal women, they did not dilate significantly
with respect to both the absolute change and the percent change
over baseline, whereas the age-matched female group dilated
significantly in both respects. A subgroup of these men dilated
significantly when given nitroglycerin, therefore indicating that
although the baseline diameter was high, they retained the
ability to dilate significantly. Two women opted to take
nitroglycerin, and they also showed a significant increase in
diameter exceeding the FMD%. Additionally, the absolute
change in diameter for this group of women was significant and
was twice the value for the men. We conclude that there is a
significant difference in vasodilatory function between the sexes
at a younger age.

The effects of estrogen that we have demonstrated through
this ultrasound technique could be mediated via the endothelium-
dependent NO—cyclic guanosine monophosphate pathway. Other
effects of estrogen, which include beneficial effects on the lipid
profile, could also reduce the risk of atherogenesis by decreas-
ing LDL and elevating HDL serum levels. However. it has been
reported that only up to half of the benefits of ERT in clinical
outcome are due to changes in lipid concentrations.?® Postisch-
emic vasodilation is believed to be dependent on endothelial
function, including the secretory products of the endothelium:
the balance between endothelial vasodilators such as NO and
prostacyclin (PGI,) and endothelial vasoconstrictors such as
endothelin-1. The balance between these factors may allow for
an increased or decreased response to ischemic episodes based
on the relative production of these compounds by the endothe-
lium. Multiple animal studies have also implicated estrogen as
an antioxidant protecting NO from degradation, as well as a
prostaglandin promoter, thus all possibly leading to similar
vasoprotective phenomena.?’-32

In conclusion, we have demonstrated that premenopausal
women have greater postischemic vasodilation of the brachial
artery than age-matched men and postmenopausal women
without ERT. In addition. postmenopausal women with ERT
have markedly greater postischemic vasodilation than postmeno-
pausal women without ERT. These data show that estrogens
improve this endothelium-mediated function. This may be
relevant to the pathogenesis of atherosclerosis postmenopaus-
ally and to its prevention by ERT.

ACKNOWLEDGMENT

The authors wish to extend their thanks to the staff and medical
residents of the Diabetes and Endocrinology Center of Western New
York for their help and contributions to this study.



232

PERREGAUX ET AL

REFERENCES

1. Obrien T, Nguyen TT: Lipids and lipoproteins in women. Mayo
Clin Proc 72:235-244, 1997 (review)

2. Sbarouni E, Kyriakides KS, Nikolaou N, et al: Estrogen replace-
ment therapy and exercise performance in postmenopausal women with
coronary artery disease. Am J Cardiol 79:87-89, 1997

3. Sullivan JM, El-Zeky F, Vander Zwaag R, et al: Effect on survival
of estrogen replacement therapy after coronary artery bypass grafting.
Am J Cardiol 79:847-850, 1997

4. Hong MK, Romm PA, Reagan K, et al: Effects of estrogen
replacement therapy on serum lipid values and angiographically defined
coronary artery disease in postmenopausal women. Am J Cardiol
69:176-178, 1992

5. Koh KK, Mincemoyer R, Bui MN, et al: Effects of hormone-
replacement therapy on fibrinolysis in postmenopausal women. N Engl
J Med 336:683-690, 1997

6. White MM, Zamudio S, Stevens T, et al: Estrogen, progesterone.
and vascular reactivity; potential cellular mechanisms. Endocr Rev
16:739-751, 1995 (review)

7. Farhat MY, Lavigne MC, Ramwell PW: The vascular protective
effects of estrogen. FASEB [ 10:615-624, 1996 (review)

8. Hayashi T, Yamada K, Esaki T, et al: Estrogen increases endothe-
lial nitric oxide by a receptor-mediated system. Biochem Biophys Res
Commun 214:847-853, 1995

9. MacRitchie AN. Jun SS, Chen Z, et al: Estrogen upregulates
endothelial nitric oxide synthase gene expression in fetal pulmonary
artery endothelium. Circ Res 81:355-362. 1997

10. Kauser K, Rubanyi GM: Potential cellular signaling mechanisms
mediating upregulation of endothelial nitric oxide production by
estrogen. J Vasc Res 34:229-236, 1997

11. Sorensen KE. Celermajer DS, Spiegelhalter DJ, et al: Non-
invasive measurement of human endothelium dependent arterial re-
sponses: Accuracy and reproducibility. Br Heart J 74:247-253, 1995

12. Steinberg HO, Brechtel G, Johnson A, et al: Insulin-mediated
skeletal muscle vasodilation is nitric oxide dependent. J Clin Invest
94:1172-1179, 1994

13. Calver A, Collier J, Vallance P: Inhibition and stimulation of
nitric oxide synthesis in the human forearm arterial bed of patients with
insulin-dependent diabetes. J Clin Invest 90:2548-2554, 1992

14. Chowienczyk PJ, Watts GF, Cockcroft JR, et al: Sex differences
in endothelial function in normal and hypercholesterolemic subjects.
Lancet 344:305-306., 1994

15. Celermajer DS, Sorensen KE, Gooch VM, et al: Non-invasive
detection of endothelial dysfunction in children and adults at risk of
atheroscierosis. Lancet 340:1111-1115, 1992

16. Harris LM, Faggioli GL, Shah R, et al: Vascular reactivity in
patients with peripheral vascular disease. Am J Cardiol 76:207-212,
1995

17. Johnstone MT, Creager SJ, Scales KM, et al: Impaired endothe-

lium-dependent vasodilation in patients with insulin-dependent diabetes
mellitus. Circulation 88:2510-2516, 1993

18. Clarkson P, Celermayjer DS, Donald AE, et al: Impaired vascular
reactivity in insulin-dependent diabetes mellitus is related to disease
duration and low density lipoprotein cholesterol levels. J Am Coll
Cardiol 28:573-579, 1996

19. Celermajer DS, Sorensen KE. Georgekopoulos D, et al: Ciga-
rette smoking is associated with dose-related and potentially reversible
impairment of endothelium-dependent dilation in healthy young adults.
Circulation 88:2149-2155, 1993

20. Volterrani M, Rosano G. Coats A, et al: Estrogen acutely
increases peripheral blood flow in postmenopausal women. Am J Med
99:119-122, 1995

21. Rajkumar C, Kingwell BA. Cameron JD. et al: Hormonal
therapy increases arterial compliance in postmenopausal women. J Am
Coll Cardiol 30:350-356, 1997

22. Gilligan DM, Arshed A, Quyyumi AA. et al: Effects of physiologi-
cal levels of estrogen on coronary vasomotor function in postmeno-
pausal women. Circulation 89:2545-2551, 1994

23. Chaveau M, Levy B, Dessanges JF, et al: Quantitative doppler
blood flow measurement method and in vivo calibration. Cardiovasc
Res 19:700-706, 1985

24. Lieberman EH, Gerhard MD, Uehata A, et al: Estrogen improves
endothelium-dependent, flow-mediated vasodilation in postmenopausal
women. Ann Intern Med 121:936-941, 1994

25. Kawano H, Motoyama T, Kugtyama K, et al: Gender differences
in improvement of endothelium-dependent vasodilation after estrogen
supplement. J Am Coll Cardiol 30:914-919, 1997

26. Bush TL, Barret-Connor E. Cowan LD, et al: Cardiovascular
mortality and noncontraceptive use of estrogen in women: Results from
the Lipid Research Clinics Program Follow-up Study. Circulation
75:1102-1109, 1987

27. Yanagisawa M, Kurihara H, Kimura S, et al: A novel potent
vasoconstrictor peptide produced by vascular endothelial cells. Nature
332:411-415, 1988

28. Yagi K, Komura A: Inhibitory effect of female hormones on lipid
peroxidation. Biochem Int 13:1051-1055, 1986

29. Chang WC, Nakao J, Orimo H, et al: Stimulation of prostacyclin
activity by estradiol in rat aorta smooth muscle cell in culture. Biochim
Biophys Acta 619:107-118, 1980

30. Jiang C. Sarrel PM. Poole-Wilson PA, et al: Acute effects of 17-p
estradiol on rabbit coronary artery contractile responses to endothelin-1.
Am J Physiol 263:H271-H275, 1992

31. Karpati L, Chow R, Woolard ML, et al: Effect of ethynylestradiol
and norethisterone on prostacyclin activity in the aorta and inferior vena
cava of rats. Clin Sci 53:369-372, 1980

32. Celermajer DS: Endothelial dysfunction: Does it matter? Is it
reversible? J Am Coll Cardiol 30:325-333, 1997



