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Abstract

Introduction.—Postmenopausal women (PMW) display exaggerated increases in blood pressure
during exercise, yet the mechanism(s) involved remain unclear. Moreover, research on the impact
of menopausal changes in estradiol on cardiovascular control during exercise are limited.

Methods.—Herein, we tested the hypothesis that sympathetic responses during exercise are
augmented in PMW compared to young women (YW), and estradiol administration attenuates
these responses. Muscle sympathetic nerve activity (MSNA) and mean arterial pressure (MAP)
were measured in 13 PMW (581 yrs) and 17 YW (22«1 yrs) during 2-min of isometric handgrip.
Separately, MSNA and BP responses were measured during isometric handgrip in 6 PMW (53+1
yrs) before and after 1 month of transdermal estradiol (100 ug/day). A period of post-exercise
ischemia (PEI) to isolate muscle metaboreflex activation followed all handgrip bouts.

Results.—Resting MAP was similar between PMW and YW whereas MSNA was greater in
PMW (23£3 vs 8+1 bursts/min; £<0.05). During handgrip, the increases in MSNA (PMW A16+2
vs YW A6+1 bursts/min; £<0.05) and MAP (PMW A18+2 vs YW A12+2 mmHg; £<0.05) were
greater in PMW and remained augmented during PEI. Estradiol administration decreased resting
MAP but not MSNA in PMW. Moreover, MSNA (PMW (-E2) A27+8 bursts/min vs. PMW (+E2)
A12+5 bursts/min; £<0.05) and MAP (A31+8 mmHg vs. A20+6 mmHg; A<0.05) responses during
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handgrip were attenuated in PMW following estradiol administration. Likewise, MAP responses
during PEI were lower after estradiol.

Conclusion.—These data suggest that PMW exhibit an exaggerated MSNA and BP response
to isometric exercise, due in part to heightened metaboreflex activation. Furthermore, estradiol
administration attenuated BP and MSNA responses to exercise in PMW.
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INTRODUCTION

Age-related increases in resting blood pressure (BP) are higher in women after menopause
compared to men, and the prevalence of hypertension is also greater in women after
menopause (1, 2). Exaggerated increases in BP during stressors such as exercise are
associated with a greater risk for developing hypertension (3-5). This augmented increase in
BP during exercise is also linked to a heightened risk of cardiovascular and cerebrovascular
events during and after physical activity in both women and men (6-8). However, given the
greater prevalence of hypertension and cardiovascular disease in women after menopause,
understanding the mechanisms contributing to heightened BP responses to exercise are
clinically relevant and can offer insight into strategies to improve exercise prescription for
women.

Postmenopausal women (PMW) have recently been shown to experience greater increases
in BP during exercise compared to young women (YW) (9) as well as age-matched men
(10). Although the underlying mechanisms remain to be elucidated, greater increases in
total peripheral resistance (TPR) have been reported during both isometric (9) and dynamic
(10) exercise in PMW compared to YW, suggestive of heightened sympathetic activation.
However, to date, no direct assessment of the sympathetic nervous system during exercise
in PMW has been made. Thus, the extent to which sympathetic nerve activity contributes to
heightened BP responses during exercise in PMW is currently unknown.

Elevations in resting muscle sympathetic nerve activity (MSNA) have been documented in
PMW compared to YW (11, 12). While aging is likely a primary driver of the increase in
resting MSNA (13), changes in estradiol may also be a contributing factor. For example, in
YW, changes in resting MSNA throughout the menstrual cycle were negatively correlated
with changes in plasma estradiol (14). Furthermore, age-related changes in resting MSNA
are much greater in women compared to men, which is driven by menopause (15) and likely
the associated changes in sex hormones like estradiol. In that regard, transdermal estrogen
administration has been shown to decrease resting MSNA in PMW (16, 17). However,
others have found no effect of estrogen replacement on resting MSNA (18), which may

be dependent on route of administration (transdermal vs. oral). Although not consistent,
there is ample data demonstrating estradiol directly impacts neural cardiovascular control in
humans (11, 14, 19, 20). Likewise, numerous rodent studies have demonstrated direct effects
of estradiol on neural cardiovascular control (21-25). Indeed, estradiol administration has
been shown to attenuate BP responses to static muscle contraction in cats (26, 27). However,
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whether estradiol administration attenuates neural control of BP during exercise in PMW
remains unclear. Given the controversy surrounding hormone therapy for PMW over the past
~20 years following the Women’s Health Initiative (28), it is important to understand the
impact of estradiol on BP and sympathetic responses to exercise in PMW.,

Accordingly, the purpose of this study was to examine the impact of aging and estradiol on
BP and MSNA responses to exercise in women. We hypothesized that a) exaggerated BP
responses during exercise in PMW would be accompanied by larger increases in MSNA,
and b) that estradiol administration to PMW would attenuate BP and MSNA responses to
exercise. Furthermore, since activation of metabolically sensitive skeletal muscle afferents
(i.e., the muscle metaboreflex) is a primary driver of increases in MSNA and BP during
exercise (29), we also examined the impact of age and estradiol on BP and MSNA responses
during a period of post-exercise ischemia (PEI) used to isolate muscle metaboreflex
activation.

METHODS

We recruited normotensive, non-obese YW and PMW that did not have a history of
cardiovascular, neurological, renal, or metabolic disease, and not taking medications at
the time of study. Two experimental protocols were conducted: one at the University of
Delaware (Protocol 1 below), and one at the University of Texas Southwestern Medical
Center (Protocol 2 below). The experimental procedures for each protocol were approved
by the respective Institutional Review Board, and the studies conformed to the standards
outlined in the Declaration of Helsinki. Verbal and written consent were obtained from all
women prior to participation.

Protocol 1: Influence of Aging on Sympathetic Neural Responses to Exercise

YW (n=17) were tested either during the early follicular phase of their menstrual cycle (n=8)
or placebo phase if using oral contraceptives (n=9). PMW (n=13) were at least 1 year since
their last self-reported menstrual cycle (912 yrs since menopause), went through natural
menopause, and had not used any form of hormone replacement therapy.

Women reported to the laboratory at least 4 hours postprandial and having abstained from
alcohol, caffeine, and strenuous physical activity for the preceding 24 hours. Women

were tested in the supine position and laboratory temperature was maintained between
20-22°C. Heart rate (HR) was monitored using a lead Il electrocardiogram (ECG;
Dinamap Dash 2000; GE Medical Systems, Milwaukee, WI). Beat-by-beat arterial BP

was measured noninvasively by a servo-controlled finger photoplethysmograph (Finometer;
Finapres Medical Systems, Amsterdam, Netherlands) placed on the middle finger of

the non-dominant hand and calibrated per manufacturers guidelines. Finometer-derived
total peripheral resistance and cardiac output were estimated from the BP waveform
(Modelflow method). Automated brachial artery BP (Dinamap Dash 2000; GE Medical
Systems, Milwaukee, W) was used to verify absolute Finometer-derived BP measurements.
Respiratory movements were monitored using a strain-gauge pneumograph (Pneumotrace;
UFI, Morro Bay, CA) placed in a stable position over the abdomen, and used to ensure

that subjects did not inadvertently perform Valsalva maneuvers or breath-holds during the
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protocol. Multiunit postganglionic MSNA was recorded using standard microneurographic
techniques, as previously described in detail (30). Briefly, these recordings were obtained
by inserting a unipolar tungsten microelectrode into the peroneal nerve. Neural signals were
amplified (70,000-fold), bandpass filtered (700-2,000 Hz), rectified, and integrated (0.1 s
time constant) to obtain mean voltage neurograms (Nerve Traffic Analyzer, model 662c-3;
University of lowa Bioengineering, lowa City, I1A). MSNA recordings were identified

and verified by the presence of spontaneously occurring bursts with characteristic pulse
synchronicity, responsiveness to an end-expiratory breath hold or Valsalva maneuver, and
lack of response to arousal stimuli or skin stroking.

The maximal voluntary contraction (MVC) of the dominant hand was tested by having
subjects squeeze a commercially available handgrip device (ADInstruments, Bella Vista,
NSW, Australia) at maximal effort three to five times. The highest force production was
subsequently used as the MVC, which was then used to calculate the relative work rate of
30% for the experimental protocol. After subject instrumentation and a satisfactory MSNA
recording was obtained (15 YW and 12 PMW), women rested quietly for at least 5 min. BP,
HR, and MSNA were measured continuously throughout the experimental protocol.

Women performed isometric handgrip (HG) exercise at 30% of their MVC for 2 minutes and
were provided with continuous visual feedback of force production. Ratings of perceived
exertion (RPE) were obtained using the standard 6-20 Borg scale. With 5 seconds remaining
in HG, an occlusion cuff placed on the upper arm of the exercising limb was rapidly inflated
to suprasystolic BP (= 200 mmHg) and remained inflated for 3 min and 15 sec following the
completion of exercise (post-exercise ischemia; PEI). PEI was used to isolate activation of
the skeletal muscle metaboreflex (29, 31).

Protocol 2: Influence of Estradiol on Sympathetic Neural Responses to Exercise in PMW

Six PMW were studied 61 yrs since their last menstrual cycle. PMW were normotensive,
had no history of cardiovascular disease, and were not taking any medications at the time
of the study. Two PMW who were taking hormone replacement prior to enrollment were
asked to discontinue usage for 4 weeks consistent with previous studies (16, 32), and serum
estradiol levels were confirmed at <40 pg ml~1 at the start of the study.

On experimental days, PMW reported to the laboratory at least 4 hours postprandial and
were asked to abstain from caffeinated beverages for at least 8 hours and from strenuous
activity for 24 hours. Women were studied in the supine position. Blood samples were taken
for 17B-estradiol measures. HR was recorded continuously from lead Il electrocardiogram,
and BP was measured by automated oscillometric sphygmomanometry (CE0050, Welch
Allyn, Skaneateles Falls, NY, USA). Respiration and MSNA were measured as described
above in Protocol 1. Isometric HG exercise was performed for 2 minutes in the dominant
hand at 35% MVC, followed by 2 minutes and 15 seconds of PEI. This protocol was
performed before and after 4 weeks of transdermal estradiol at a dose of 100 ug day 1,
which would be expected to restore circulating estradiol to premenopausal levels.

Data Analysis & Statistics—Data were recorded using Powerlab (ADInstruments, Bella
Vista, NSW, Australia). MSNA bursts were identified from the mean voltage neurogram
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using a customized LabVIEW program with fixed criteria (33, 34), which generated
synchronized beat-by-beat data of all recorded variables accounting for the latency from
the R wave of the ECG and incorporated a signal-to-noise ratio of at least 3:1. MSNA was
quantified as burst frequency (bursts/min) and burst incidence (bursts/100 heartbeats).

Cardiovascular and MSNA variables were calculated as mean values over an initial resting
baseline period. For the HG/PEI trial, MSNA and cardiovascular variables were calculated
as mean values during the baseline preceding handgrip, during the peak responsiveness

to HG (the last 30s for BP and HR, the last 60s for MSNA), and during the full PEI

period (excluding the initial 15 seconds). As increases in BP and MSNA are fairly stable
during PEI, the entire period was used for comparisons. Because the main focus was on
sympathetic and BP reactivity to exercise, the change in MSNA and cardiovascular variables
were determined by calculating the difference between baseline and peak responses as
defined above. For protocol 1, unpaired t-tests were used to compare baseline subject
characteristics and the changes in MSNA and BP during HG and PEI between YW and
PMW. For protocol 2, paired t-tests were used to compare baseline subject characteristics
and the changes in MSNA and BP during HG and PEI within PMW before and after
estradiol administration. Results are reported as mean+SE and the alpha level was set at
P<0.05.

RESULTS

Protocol 1:

Baseline demographics in YW and PMW are shown in Table 1. By design, PMW were
older than YW. Resting systolic (~=0.08), diastolic (P=0.10) and mean arterial BP (~=0.06)
tended to be higher in PMW. BMI was slightly higher in PMW, and resting MSNA (burst
frequency and burst incidence) was greater in PMW. Model-flow derived cardiac output
(YW 4.88+0.25 vs PMW 4.75+0.34 L/min, P=0.76) and total peripheral resistance (YW
1608461 vs PMW 1797+108 mmHg/L/min, P=0.12) were similar between groups.

Representative neurograms are shown in Figure 1. Changes in mean arterial BP (MAP)
during HG exercise were greater in PMW (Fig 2A; P=0.03) and associated with greater
increases in MSNA burst frequency (Fig 2B; £<0.001). The increase in systolic BP during
HG was greater in PMW (YW A14+2 vs PMW A24+4 mmHg, P=0.01), whereas changes in
diastolic BP (YW A13+2 vs PMW A15+2 mmHg, £=0.34) and HR (YW A15£2 vs PMW
A12+1 bpm, P=0.29) were similar between groups. Changes in MSNA burst incidence (YW
A6+3 vs PMW A16+4 bursts/100 heart beats, £<0.01) were also higher in PMW during HG.
The change in total peripheral resistance was greater in PMW during HG (YW A-89+71 vs
PMW A177+76 mmHg/L/min, £=0.02), whereas cardiac output was not different between
groups (YW A1.14+0.28 vs PMW A0.53+0.17 L/min, A=0.10).

The elevated MAP and MSNA observed during HG exercise in PMW were also noted
during PEI (Fig 2C&D). Systolic BP was also higher during PEI (YW A10+2 vs PMW
A19+2 mmHg, A<0.01) whereas diastolic BP was not different (YW A8+1 vs PMW A9+1
mmHg, £=0.55) between groups. MSNA burst incidence also trended higher in PMW
during PEI (YW A8+4 vs PMW A16+4 bursts/100 heart beats, A=0.06). The change
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in total peripheral resistance was higher in PMW during PEI (YW A-3%23 vs PMW
A255+75 mmHg/L/min, P<0.01), whereas cardiac output was greater in young women

(YW A0.46£0.10 vs PMW A0.04+0.15 L/min, £=0.02). Maximal voluntary contraction (YW
208+17 vs PMW 224+23 Newtons, P=0.58) and RPE (YW 13+1 vs PMW 14+1, P=0.14)
were not different between YW and PMW.

Subject characteristics are shown in Table 2. One month of estradiol therapy (E2) increased
serum estradiol concentrations from 17+6 to 105+23 pg ml-L. Estradiol therapy had no effect
on resting HR, systolic blood pressure, or MSNA, whereas diastolic blood pressure, and
MAP were reduced (Table 2). Original records for MSNA are shown in Figure 3. During
HG, the increases in MSNA burst frequency and MAP were attenuated in PMW after
estradiol administration (Figure 4A&B). Comparable MSNA results were found for burst
incidence (-E2 A19+7 vs +E2 A5+4 burst/100 heart beats, P<0.05). Likewise, HG-induced
increases in diastolic blood pressure (-E2 A29+8 vs +E2 A17+4 mmHg, P<0.05) and systolic
blood pressure (-E2 A34+8 vs +E2 A24+11 mmHg, P<0.05) were significantly reduced
following estradiol therapy. In contrast, HR responses to HG were not different after
estradiol therapy (-E2 A23+4 vs +E2 A20+5 bpm, P>0.05). Similarly, RPE values during
HG were not affected by estradiol administration (15 + 1 vs. 14 + 1; 2> 0.05). During PEl,
estradiol administration also attenuated the increase in MAP (Figure 4C); however, systolic
(-E2 A31+10 vs +E2 A25+11 mmHg, P=0.07) and diastolic (-E2 A17+5 vs +E2 A14+5
mmHg, P=0.20) blood pressure were not impacted. Likewise, increases in MSNA burst
frequency (Figure 4D) and MSNA burst incidence (-E2 A21+6 vs +E2 A20£6 burst/100
heart beats, P>0.05) during PEI were not affected by estradiol therapy.

DISCUSSION

The main novel finding of the current study was that PMW displayed exaggerated
increases in MSNA during isometric HG exercise compared to YW. Furthermore, estradiol
administration attenuates MSNA and BP responses during HG exercise in PMW. These
data extend previous findings by demonstrating that the sympathetic nervous system is

a primary contributor to the greater increases in BP during isometric exercise in PMW.
Moreover, this is the first study to examine the effect of estradiol administration on MSNA
responses to isometric exercise and PEI in PMW, showing that estradiol attenuates MSNA
and BP responses to isometric exercise. Finally, these exaggerated MSNA and BP responses
were due in part to an over-active metaboreflex, as demonstrated by greater MSNA and

BP responses during PEI in PMW. Taken together, these data suggest that PMW have
exaggerated MSNA and BP responses to isometric exercise, mediated in part by heightened
muscle metaboreflex activation. Estradiol administration attenuates the BP and MSNA
responses to isometric exercise in PMW.,

The influence of age and menopause on resting MSNA has been well documented (12,
35). Similar with prior findings, we observed significantly higher resting MSNA in PMW
compared to young women. Moreover, data from the current study extend these findings
demonstrating for the first time that MSNA increases more dramatically during isometric
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exercise in PMW compared to young women. These exaggerated increases in MSNA,
coupled with increases in TPR, demonstrate a direct mechanism for the greater increases in
BP observed in PMW during HG exercise.

MSNA and BP responses during exercise are mediated, in part, by the exercise pressor
reflex, a peripheral feedback neural mechanism initiated in the working skeletal muscle
(36). The exercise pressor reflex is comprised of group 111 (mechanoreceptors) and

IV (metaboreceptors) afferent fibers, which reflexively increase BP during exercise via
stimulation of efferent sympathetic nerve activity (37). Previous data suggest heightened
muscle mechanoreflex function in PMW, although it is unclear as to whether these
differences are related to aging, changes in sex hormones such as estrogen, or obesity (38).
However, in young adults, women displayed a blunted increase in central hemodynamics
compared to men during passive limb movement, suggesting an attenuated mechanoreflex
in young women (39). In the current study, we did not focus on isolating mechanoreflex
function since it has been well documented that the skeletal muscle metaboreflex contributes
importantly to the magnitude of BP increases during isometric exercise and is augmented

in cardiovascular diseases such as hypertension (40, 41). Choi and colleagues (9) previously
demonstrated exaggerated BP responses in PMW during isometric exercise which remained
elevated during isolation of the muscle metaboreflex with PEI. Our data are consistent with
those of Choi et al (9), and extend these findings to show that these larger changes in BP

are accompanied by exaggerated MSNA responses during both handgrip exercise and PEI.
Collectively, these data indicate that PMW exhibit an overactive muscle metaboreflex, and
this mechanism is contributing, in part, to the exaggerated BP responses observed.

After one month of estradiol administration in PMW, we observed reductions in BP and
MSNA during HG exercise. Estradiol also lowered BP during metaboreflex isolation;
however, this was not accompanied by a statistically significant reduction in MSNA. The
reason for these discrepant effects of estradiol are not known but some possibilities warrant
discussion. Estrogen receptors are located in the brain, and in particular, key regions of the
brainstem that are involved in regulating neural cardiovascular control (42), thus potentially
reducing sympathetic outflow and BP. During metaboreflex activation, information from
the periphery is sent via afferent neural signals to the brain and primarily integrated in

the nucleus tractus solitarius to change efferent sympathetic outflow and BP. However,

a feed-forward mechanism originating in higher brain centers (central command) also
regulates cardiovascular responses during exercise, contributing to increases in MSNA and
BP. Central command is sensitive to estrogen; IV injections of 17B-estradiol attenuated BP,
HR, and ventilatory responses to central command activation in cats (43). Thus, we cannot
rule out a role of central command in the observed attenuated MSNA responses during
exercise but not PEI in PMW following estradiol administration. However, changes in HR
were not different and subjects reported similar ratings of perceived exertion during the
exercise bout before and after estradiol administration suggesting central command is not
affected. Perhaps estrogen is directly impacting nuclei in the RVLM to decrease MSNA
and contribute to reductions in BP during exercise. Indeed, previous studies in both animals
(21) and humans (16) have shown that estradiol administration decreases sympathetic nerve
activity, and that hypertension induced in female rats via aldosterone infusion was only
apparent when knocking out estrogen receptors in the RVLM (44). This is important to
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consider since skeletal muscle afferents directly project to the RVLM in addition to the
nucleus tractus solitarius (45). Additional work understanding the central effects of estrogen
on neural cardiovascular control during exercise in humans is warranted.

Other factors may also be involved in contributing to the reductions in BP noted with
estradiol in the absence of a reduction in MSNA during metaboreflex isolation. Aging

and changes in sex hormones impact peripheral vascular function, and in particular beta-
adrenergic receptor function. Notably, young women exhibit beta-adrenergic mediated
dilation that can offset sympathetically-mediated vasoconstriction, an effect that is lost

in postmenopausal women (47). This may also have effects on sympathetic transduction
(48, 49) and BP regulation during exercise. Moreover, there is cross-talk between

estrogen receptors and beta-adrenergic receptors; estradiol increases vascular p-adrenergic
receptor expression and NO-mediated vasodilation in female rats suggesting that estrogen’s
cardioprotective role is accomplished partly through this mechanism which acts to blunt
a-adrenergic mediated vasoconstriction (50). This is supported by research in humans
which shows that estrogen supplementation attenuates the vasoconstrictor responses to
arterial norepinephrine infusion in perimenopausal women (51) as well as reflex sympathetic
activation in postmenopausal women (32). Thus, it is plausible that direct estradiol effects
on the vasculature are also contributing to the reductions in BP during PEI in PMW
without influencing MSNA.. This also may explain the reductions in diastolic BP via
estradiol administration during exercise, despite PMW not exhibiting exaggerated diastolic
BP responses compared to young women (protocol 1). Overall, further investigation is
warranted.

It is also important to consider that estradiol is not the only hormone that changes with
menopause. Progesterone also declines, and there can be an increase in androgens or
testosterone. Although it is well documented that estradiol is cardioprotective and reduces
sympathetic outflow, more recent data suggest that the ratio of estradiol to progesterone

is a stronger regulator of MSNA in young women (14). This has yet to be studied as
women age or transition through menopause. The increased concentration of androgens
relative to estrogen that can occur with menopause has also been proposed to contribute to
cardiovascular disease risk (46). This is clinically relevant give that testosterone is given
to PMW to improve libido. Likewise, studies examining the impact of progesterone and
androgens on muscle metaboreflex activation in PMW are also needed.

Perspectives

Postmenopausal women are at an increased risk for developing hypertension, and one
mechanism contributing to their higher risk may be heightened BP reactivity to stressors
such as exercise. Herein, we demonstrate that augmented MSNA responses accompany

the exaggerated BP during a submaximal isometric task in PMW compared to young
women. Notably, these repeated episodic surges in both MSNA and BP from submaximal
isometric workloads throughout the day may place postmenopausal women at a greater

risk for developing hypertension and experiencing a cardiovascular or cerebrovascular
event. Importantly, we found that one month of transdermal estradiol administration
attenuated these responses. Although hormone therapy in PMW has been the focus of much
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controversy over the past 20 years, it is now accepted that hormone therapy use does not
increase risk of cardiovascular disease in postmenopausal women when used within 10 years
of menopause (28), and that formulation also matters; transdermal estradiol is preferred
over oral estrogen for safety reasons (52, 53). Our data show that transdermal estradiol
administration reduces BP and MSNA responses to isometric exercise, and therefore may
have beneficial effects on overall cardiovascular function and responses to stressors in
PMW. Finally, it is well known that engaging in regular exercise has numerous benefits

for cardiovascular health, and we are not suggesting that older women should not engage

in physical activity based on our findings. Importantly, exercise training can also attenuate
exercise pressor reflex activity (54, 55), and may be one mechanism of the beneficial effects
of training on BP. Thus, findings from this study are meant to inform exercise prescription
guidelines for women and highlight the importance of monitoring BP.

In conclusion, PMW display exaggerated MSNA and BP responses during isometric
exercise. Furthermore, the metabolic component of the exercise pressor reflex is augmented
in normotensive PMW and appears to contribute to the abnormal pressor response to
exercise in this population. Notably, transdermal estradiol administration attenuates MSNA
and BP responses during exercise, suggesting that these heightened cardiovascular responses
are modulated by estradiol.
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Figure 1.
Original recordings of muscle sympathetic nerve activity in one young woman (YW) and

one postmenopausal woman (PMW) at rest, during the last minute of isometric handgrip
exercise (HG), and post-exercise ischemia (PEI).
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Peak changes in (A) mean arterial blood pressure (MAP, £=0.03; n=17) and (B) muscle
sympathetic nerve activity (MSNA, £<0.001; n=15) during isometric handgrip exercise were
greater in postmenopausal women (PMW) compared to young women (YW). Changes in
(C) MAP (P=0.04; n=17) and (D) MSNA (~=0.03; n=15) during post-exercise ischemia
were also greater in PMW. * £<0.05 between groups. Data expressed as mean+SE.
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Figure 3.

Original recordings of muscle sympathetic nerve activity in one postmenopausal woman
(PMW) at rest, during the last minute of isometric handgrip exercise (HG), and post-exercise
ischemia (PEI) before (-E2) and following 1-month of transdermal estradiol therapy (+E2).
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Figure 4.

Peak changes in (A) mean arterial blood pressure (MAP, £<0.001; n=6) and (B) muscle
sympathetic nerve activity (MSNA, P=0.03; n=6) during isometric handgrip exercise were
attenuated in postmenopausal women (PMW) following 1-month of transdermal estradiol
(+E2) compared to baseline (-E2). Changes in (C) MAP (P=0.04; n=6) were also lower
during post-exercise ischemia in PMW following 1-month of transdermal estradiol (+E2)
compared to baseline (-E2), whereas (D) MSNA (P=0.27; n=6) was maintained. * £<0.05
between groups. Data expressed as mean+SE.
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Table 1.

Participant characteristics Protocol 1.

YW (n=17) PMW (n=13)

Age, yrs

BMI, kg/m?

SBP, mmHg

DBP, mmHg
MAP, mmHg

HR, bpm

MSNA, bursts/min

MSNA, bursts/100 hb

21 581"
2+1 241"
109 +2 115+3
65+ 2 70+2
80+2 85+2
622 5442 %
81 23+3%
1222 426"

Page 17

Values are mean+SE. YW, young women; PMW, postmenopausal women; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
arterial pressure; HR, heart rate; MSNA, muscle sympathetic nerve activity.

*
F<0.05 vs. YW.
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Table 2.

Participant characteristics Protocol 2.

PMW -E2 (n=6) PMW +E2 (n=6)

Age, yrs

BMI, kg/m?

SBP, mmHg

DBP, mmHg

MAP, mmHg

HR, bpm

MSNA, bursts/min
MSNA, bursts/100 hb

53+1 -

6+1 6t1
12244 120+ 4
783 7442 "
93+3 89+3”
6242 59+ 2
284 23:3
387 33%5

Page 18

Values are mean + SE. PMW, postmenopausal women; —E2, baseline before initiation of estradiol; +E2, 1month post estradiol; SBP, systolic blood

pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate; MSNA, muscle sympathetic nerve activity.

*
P<0.05 vs. -E2.
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