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Abstract

Objective—Tumor necrosis factor (TNF)-a, a pleiotropic pro-inflammatory cytokine involved in
a variety of biological processes including oxidative stress, has been associated with vascular
dysfunction in aged and ovariectomized animals. We determined whether acute inhibition of TNF-
o improves vascular endothelial function and decreases arterial stiffness in estrogen-deficient
postmenopausal women.

Methods—Arterial stiffness (carotid artery compliance) and endothelial function (brachial artery
flow-mediated dilation [FMD]) were measured in postmenopausal women (n=23; 57+1 years,
mean+SE) before and following randomization to two days of either transdermal estradiol (0.05
mg/d, N=12) or placebo (N=11) alone and following a single subcutaneous injection of the TNF-a
inhibitor, etanercept (25 mg), and in premenopausal (n=9; 33+2 years) before and following
etanercept.

Results and Conclusions—Baseline carotid artery compliance and brachial artery FMD were
lower in postmenopausal than premenopausal women (p<0.0001). In postmenopausal women,
carotid artery compliance (n=12; 0.59+0.05 to 0.78+0.06 mm%/mmHg x 101, P<0.001) and FMD
(4.1+0.6 to 6.0£0.7%, P=0.02) increased in response to estradiol but not placebo (n=11). Carotid
artery compliance (0.71+0.06 to 0.81+0.06 mmZ/mmHg x 1071, P=0.02) and FMD (5.2+0.7 to
7.5+0.9%, P=0.003) increased with etanercept in the placebo group but had no effect in
postmenopausal randomized to estradiol or premenopausal women. These results suggest that
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TNF-a contributes to impaired endothelial-dependent vasodilation and arterial stiffening in
estrogen-deficient postmenopausal women.
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INTRODUCTION

Even though death rates from cardiovascular disease (CVD) have been declining, CVD is
still a major public health concern in women. Vascular aging, featuring endothelial
dysfunction and arterial stiffening precede clinical disease and increase the risk for the
development of atherosclerosis and other CVD?. Vascular aging in women is unique
because of the influence of the decline in estrogen with the menopause transition. Indeed
endothelial dysfunction and arterial stiffening appear to worsen with the loss of ovarian
function and estrogen deficiency suggesting that declines in estrogen with menopause
contributes to endothelial dysfunction and arterial stiffening in postmenopausal women?: 3.
With the increasing life expectancy of women, more than one-third of their lifespan will
occur after menopause. As such, understanding how the loss of estrogen in addition to aging
contributes to endothelial dysfunction and arterial stiffening is of clinical importance for the
prevention of CVD.

We and others have previously demonstrated that oxidative stress is a key mechanism
mediating large artery stiffening and endothelial dysfunction with aging and with estrogen
deficiency in women® °. Tumor necrosis factor (TNF)-a is a pleiotropic inflammatory
cytokine that is involved in a variety of biological processes including oxidative stress®: 7.
Thus, it is plausible that the oxidative-stress mediated arterial stiffening and endothelial
dysfunction observed with aging and estrogen-deficiency in women is related, in part to,
TNF-a-mediated processes. In animal studies, antagonism of TNF-a with etanercept
reduced reactive oxygen species (ROS) and improved endothelial vasodilatory function in
carotid arteries from aged male rats’ and in mesenteric arteries from aged and
ovariectomized female rats8. Additionally, estrogen treatment was shown to reduce TNF-a
levels in uterine arteries obtained from postmenopausal women®. However, whether TNF-a
is mechanistically involved in endothelial dysfunction and arterial stiffening with aging and
estrogen deficiency in women has not been studied. Accordingly, we tested the hypothesis
that acute TNF-a inhibition improves brachial artery flow-mediated dilation (FMD) and
carotid artery compliance, measures of endothelial function and arterial stiffness,
respectively, in estrogen-deficient postmenopausal women, but not in estrogen-replete
women (i.e., postmenopausal women treated with estradiol and eumenorrheic
premenopausal controls) because of the potential antagonistic effects of estrogen on TNF-a
processes.

MATERIALS AND METODS
Study Population

We recruited healthy premenopausal and postmenopausal women as part of an ongoing
investigation on the biological mechanisms mediating arterial stiffening in estrogen-
deficient postmenopausal women. Premenopausal and postmenopausal women were
included if they were between the ages of 18—40 years or 50-65 years, respectively. Forty-
seven women consented to participate, of which 9 women were excluded and 5 women
dropped out during screening, leaving 32 women (23 postmenopausal, aged 51-65 years; 9
premenopausal) who completed the study. Postmenopausal women were at least one year
past the absence of menses and premenopausal women were eumenorrheic. Participants
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were included if they met the following eligibility criteria: sedentary or recreationally active
(not exercising regularly > 2 days/week), non-smokers, resting blood pressure <140/90
mmHg, fasted plasma glucose concentrations <7.0 mmol/L (126 mg/dL), fasted LDL-
cholesterol <4.1 mmol/L (160 mg/dl), BMI < 36 kg/m?2, no history of CVD, and free of overt
chronic diseases and inflammatory conditions as assessed by medical history, physical
examination, standard blood chemistries and hematological evaluation. Participants had not
taken any oral contraceptives, hormone therapy, cardiovascular or lipid-lowering
medications for at least 6 months or aspirin, non-steroidal anti-inflammatory medications or
vitamin supplements for at least 4 weeks. Postmenopausal women with contraindications to
estrogen (e.g., history of active estrogen-dependent neoplasms, thromboembolism) or
etanercept (e.g., positive Mantoux test, positive hepatitis B surface antigen, active infection)
were excluded. All subjects gave their written informed consent to participate. The research
was carried out in accordance with the Declaration of Helsinki of the World Medical
Association and all procedures were reviewed and approved by the Colorado Multiple
Institutional Review Board.

Measurements

Participants were studied in the supine position following an overnight fast with proper
hydration (water drinking only) and abstinence from caffeine for > 12 hours. Normal dietary
patterns were maintained, including sodium intake, for the 2-day period immediately prior to
any measurements. Premenopausal women were tested 7 to 10 days after onset of
menstruation (i.e., mid-follicular phase) so that vascular comparisons between
premenopausal and postmenopausal women randomly assigned to the estradiol treatment
group would be at similar estradiol concentrations. The study took place at the University of
Colorado Clinical and Translational Sciences Institute (CCTSI) Clinical and Translational
Research Center (CTRC).

Arterial Stiffness

Carotid artery compliance was determined using high-resolution ultrasound imaging, as
previously described0. Carotid images were analyzed for arterial distention using semi-
automated wall tracking software (Vascular Analysis Tools v. 5.5; Medical Imaging
Applications, LLC, lowa City, IA). The same segment of the carotid artery (~1-2 cm distal
to carotid bulb) was analyzed for baseline and follow-up images. All images were coded by
number, blinded to group assignment and imaged and analyzed by the same individual. The
coefficient of variation (CV) and intra-class correlation coefficient (ICC) for trial-to trial
reliability measured in 13 individuals for carotid artery diameter, carotid artery distention,
pulse pressure and carotid artery compliance were 0.7% and 0.99, 4.2% and 0.99, 3.7% and
0.97, and 3.1% and 0.99, respectively.

Brachial Artery Blood Pressure

Peripheral arterial blood pressure was measured in triplicate in the seated and the supine
positions with a semi-automated device (Dinamap, Johnson & Johnson) over the brachial
artery, as previously described9.

Vascular Endothelial-Dependent Vasodilation

Ultrasound measurements of brachial artery flow-mediated dilation (FMD) were performed
as previously described!?. Briefly, a pediatric cuff was placed on the upper forearm and
brachial artery images were acquired ~ 3—6 cm above the antecubital fossa at baseline and
following reactive hyperemia produced by inflating the cuff to 250 mmHg of pressure for 5
minutes. After the release of the arterial occlusion, the initial ten Doppler blood flow
velocity waveform envelopes were acquired and B-mode ultrasound brachial artery diameter
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images were measured continuously for 2 minutes. Brachial artery diameter was analyzed
using a commercially available semi-automated wall-tracking software package and
analyzed by the same individual who was blinded to group assignment (Vascular Analysis
Tools 5.5.1, Medical Imaging Applications, LLC, lowa City, 1A). Brachial artery peak
hyperaemic shear rate was calculated as the peak mean blood velocity divided by occlusion
diameter. All procedures conformed to recently published guidelines for assessing FMD in
human subjects!2. Placement of the ultrasound probe was measured with a tape measure and
landmarks were identified (e.g., branch-points and veins) to ensure that the same location of
the brachial artery was analyzed. The CV and ICC for trial-to trial reliability measured in 10
individuals for baseline brachial artery diameter, peak diameter and FMD (%) were 2% and
0.97, 1.5% and 0.99, and 2.2% and 0.99, respectively.

Body Composition, Metabolic Risk Factors, Sex Hormones and Circulating Humoral

Factors

Total and trunk fat mass and fat-free mass were determined using dual energy x-ray
absorptiometry (Hologic Discovery, version 12.6). Minimal waist and hip circumferences
were measured and waist-tohip ratio (WHR) was calculated as previously described!L.
Fasted plasma concentrations of insulin, and blood lipids and lipoproteins were determined
as previously described!!. Serum estradiol was measured using chemiluminescense
(Beckman Coulter) and plasma endothelin-1 (ET-1), interleukin (IL)-6 and TNF-a were
measured using an enzyme-linked immunoassay?: 13, High-sensitivity C-reactive protein
(hs-CRP) was measured using immunoturbidimetric method. Oxidized LDL, an indirect
measure of oxidative stress, was determined with ELISA plate assays (Alpco Diagnostics,
Windham, NH). Total antioxidant status (TAS), a measure of the overall antioxidant
defenses, was determined on serum samples using the Randox Laboratories enzymatic kit
(Oceanside, CA). All assays were performed by the CTRC core laboratory.

Experimental Design

Vascular assessment was first assessed in premenopausal and postmenopausal women prior
to the start of the interventions. Next, postmenopausal women were randomly assigned to
either transdermal placebo (n=11) or estradiol (0.05 mg/d, n=12) for two days and vascular
assessment was repeated. The randomization scheme was developed by a biostatistician and
executed by a research assistant not affiliated with data analyses. All participants were
blinded to group assignment (placebo or estradiol patch) and were not told of the type of
regimen being administered to them. Additionally, any member of the investigative team
involved in the acquisition or analysis of data on any of the key dependent variables were
unaware of the treatment status of the subjects. Postmenopausal women remained on their
assigned placebo or estradiol treatment and were administered a single 25 mg subcutaneous
injection of the TNF-a inhibitor, etanercept (Enbrel®) and vascular measurements were
repeated two days later. Premenopausal women were also administered a single dose of 25
mg etanercept and vascular measures were re-assessed two days later. Etanercept is a
soluble TNF receptor fusion protein that binds specifically to TNF and blocks its interaction
with cell surface TNF receptors, preventing TNF-mediated cellular responses by rendering
TNF biologically inactive. Etanercept may also modulate inflammatory responses controlled
by other cytokines or adhesion molecules that are regulated and/or induced by TNF. The
dose and duration of etanercept was chosen because a single 25 mg subcutaneous injection
has been previously shown to increase endothelial-dependent vasodilation within 6 hours in
heart failure patients!4. Additionally, pharmacokinetic data of etanercept in healthy
volunteers demonstrated a time to peak concentration of 51+14 hours (mean+SD) and a
half-life of 68+19 hours!®. Etanercept has FDA approval for the treatment of rheumatoid
arthritis and psoriasis.
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Statistical Analysis

RESULTS

All data elements were examined using descriptive statistics. Parameters with skewed
distributions were log transformed and are presented as median and interquartile range.
ANOVA was used to assess group differences in subject characteristics, humoral factors,
baseline brachial artery FMD and carotid artery compliance. Two-way repeated measures
ANOVA (group x time) were used to determine the effects of transdermal and estradiol (in
postmenopausal women), and etancercept (in all three groups) on brachial artery FMD and
carotid artery compliance. If significant differences were observed, paired #tests were used
to determine differences among the mean values. ANCOVA was used to adjust for baseline
differences and changes in factors that could confound interpretation of the results.
Secondary analyses were performed using ANCOVA to adjust for baseline carotid artery
compliance and brachial artery FMD on the changes in carotid artery compliance and FMD
with transdermal estradiol or placebo, and with etanercept. The study was powered to test
the hypothesis that TNF-a antagonism using etanercept would improve carotid artery
compliance and brachial artery FMD in estrogen-deficient postmenopausal women (i.e.,
those women treated with placebo), and that TNF-a antagonism would not improve vascular
function in estrogen-replete women (i.e., postmenopausal women treated with estrogen and
premenopausal women). Power and sample size calculations were determined from
previously published data on the effects of etancercept and estradiol on brachial artery FMD
in rheumatoid arthritis patientsl® and postmenopausal women!®, No data exist on the effects
of etancercept on carotid artery compliance, thus power calculations were estimated from
published data from our laboratory on changes in carotid artery compliance with acute
interventions of transdermal estradiol, ascorbic acid and tetrahydrobiopterin® 11. 13, Based
on these studies, there would be 80% power at an a of 0.05, with sample sizes of 10-12
postmenopausal women per group to detect anticipated changes in brachial artery FMD and
carotid artery compliance of 1.5% and 0.1 mm2/mmHg x 1071, respectively, with
etanercept. Data analysis was performed with SPSS software, version 21.0.

Participant Characteristics

Postmenopausal women randomized to the estradiol treatment group had higher trunk body
fat content and systolic blood pressure compared to premenopausal women (Table 1, both
P<0.05). There were no other group differences in clinical characteristics among the groups.

Circulating Humoral Factors

Baseline insulin concentrations were higher in postmenopausal women who were
randomized to estradiol treatment compared to premenopausal women and estradiol
concentrations were lower in both postmenopausal groups compared to premenopausal
women (both P<0.05). There were no group differences in baseline TNF-a or any other
circulating humoral factor (Table 2). There was a trend for group differences in hsCRP
(P=0.07).

In estradiol-treated women, insulin concentrations decreased and, as expected, estradiol
concentrations increased (both P<0.05, Table 2). Also as expected, etanercept increased
TNF-a concentrations by ~ 100 fold in all three groups (P<0.001, Table 2). In estradiol-
treated postmenopausal women, hsCRP decreased following etanercept (P<0.05). There
were no other changes in circulating inflammatory or oxidative stress markers or ET-1
following estradiol, placebo or etanercept.
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Arterial Stiffness and Endothelial Function

Baseline carotid artery compliance and brachial artery FMD (both relative and absolute
change) were lower in postmenopausal than premenopausal women (Figure 1a and 1b,
P<0.001). Postmenopausal women had a smaller carotid artery distention and larger brachial
artery diameters than premenopausal women (P<0.05, Supplemental Table 1). In
postmenopausal women randomized to estradiol, baseline mean arterial and pulse pressure
were higher compared to premenopausal women (P<0.05, Supplemental Table 1).

In postmenopausal women, carotid artery compliance and brachial artery FMD increased by
35.5 + 6% and 65.8 *+ 20.8%, respectively, in response to transdermal estradiol (Figure 1a,
P<0.001; 1b, P=0.019) but remained unchanged with placebo (P=0.33 and P=0.63;
respectively). Although mean arterial blood pressure and pulse pressure decreased with
transdermal estradiol (both P<0.05; Supplemental Table 1), the changes in carotid artery
compliance and brachial artery FMD with estradiol were still significant after ANCOVA
adjustment for changes in MAP, pulse pressure and baseline carotid artery compliance and
FMD (P<0.05). There were no changes in carotid or brachial artery diameters, brachial
artery peak hyperemic shear rates or heart rate with estradiol or placebo treatment
(Supplemental Table 1).

Carotid artery compliance (P=0.004) and brachial artery FMD (P=0.003, Figure 1a and 1b)
increased by 17.1+4.3% and 54.7£15.6% following etanercept administration in the
placebo-treated women, but did not change significantly in premenopausal or estradiol-
treated postmenopausal women (all P>0.50). Adjusting for baseline values did not alter the
findings. The magnitude of change in carotid artery compliance tended to be greater
(P=0.08, Figure 2a) with estradiol treatment alone compared to etanercept treatment alone
but there was no greater magnitude in change with the co-administration of etanercept with
estradiol. There were no differences in the magnitude of change in brachial artery FMD in
response to either estradiol or etanercept alone or the co-administration of the two (Figure
2b). Carotid and brachial artery diameter, brachial artery peak hyperemic shear rates and
heart rate did not change with etanercept administration in any group (Supplemental Table
1).

Adverse Events

Both transdermal estradiol and etanercept were well tolerated. One estradiol-treated
postmenopausal and 1 premenopausal woman reported local irritation or bruising/swelling at
the injection site and 3 women reported headaches following etanercept administration. One
placebo-treated postmenopausal woman reported a fever and flu-like symptoms that resulted
in an upper respiratory tract infection 1 week after completion of the study. Finally, 1
woman who was in the estrogen-treated group developed a headache, injection site redness
and swelling, and rash on the chest and arms 12 days after the administration of etanercept.

DISCUSSION

The findings of the present study provide novel insight into the effects of TNF-a on vascular
function in estrogen-deficient postmenopausal women. Specifically, our findings support the
idea that TNF-a is a mediator of endothelial dysfunction and arterial stiffening in estrogen-
deficient postmenopausal women and that the favorable influence of estradiol on endothelial
function and arterial compliance may be related, in part, by altering TNF-a effects.
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TNF-a-mediated Endothelial Dysfunction and Arterial Stiffening in Estrogen-deficient
Postmenopausal Women

In the present study, brachial artery FMD and carotid artery compliance were lower in
postmenopausal women compared to premenopausal women, consistent with previous
observations?~* 10. 11 The mechanisms mediating endothelial dysfunction and arterial
stiffening with aging and estrogen deficiency in women has been an important area of study.
To our knowledge, the present study was the first to examine the direct influence of the pro-
inflammatory cytokine TNF-a on vascular function in healthy postmenopausal women. The
key new findings were that acute inhibition of the effects of TNF-a with etanercept
increased brachial artery FMD and carotid artery compliance in postmenopausal women
randomized to placebo treatment, but remained unchanged in eumenorrheic premenopausal
women. Additionally, although brachial artery FMD and carotid artery compliance increased
in postmenopausal women randomized to transdermal estradiol, there were no further
improvements in either measurement with the co-administration of etanercept, possibly
because of antagonism of TNF-a mediated biological processes with estradiol treatment. It
is also possible that estradiol and etanercept have similar mechanisms of action on vascular
function. Indeed there were no differences in the magnitude of improvements in response to
etanercept and estradiol alone or combined. Additionally, although, circulating TNF-a
concentrations were augmented ~100 fold after administration of etanercept, consistent with
previous investigationsl’, the increase in TNF-a concentrations appear to be attenuated in
estrogenreplete women (i.e., premenopausal and estradiol-treated postmenopausal women).
The mechanism for elevations of circulating TNF-a levels after treatment with etanercept
are unknown; however, they are most likely due to prolongation of TNF-a half-life by
etanercept, despite inhibition of TNF activity. Thus, the assay may have measured TNF-a
that was bound to etanercept!®. Our results are consistent with data reported in
ovariectomized rats demonstrating that the impaired endothelial vasodilatory response with
estrogen deficiency is prevented with etanercept treatment8. Additionally, acute and chronic
TNF-a inhibition has been reported previously to decrease arterial stiffness, and improve
endothelial vasodilatory function in men and women with advanced heart failure and those
with rheumatoid arthritis14 1619,

Potential Mechanisms of the Modulatory Influence of TNF-a on Endothelial Function and
Arterial Stiffening

We can only speculate as to the mechanisms by which TNF-a modulates endothelial
function and arterial stiffness in estrogen-deficient postmenopausal women. TNF-a is a
pleotropic factor that can work in a paracrine manner. TNF-a stimulates the production of
acute phase reactants (e.g., CRP), and activates endothelial cells to express adhesion
molecules, chemoattractants and promotes leukocyte accumulation in the vascular wall20.
Additionally, TNF-a can down-regulate and inactivate the NO producing enzyme,
endothelial nitric oxide synthase (eNOS)21, up-regulate other inflammatory and
vasoconstrictors (e.g., ET-1, angiotensin 11)7: 22 and induce oxidative stress by increasing
the production of ROS, which can scavenge NO and decrease endothelial vasodilatory
function® 7. Finally, inflammation may reduce tetrahydrobiopterin (BH,), an essential co-
factor for eNOS, either directly or through the production of ROS, leading to eNOS
uncoupling, and consequently decreasing NO and increasing ROS production?3. Because
NO is a potent regulator of arterial stiffness?4, inflammation-induced endothelial
dysfunction may mediate at least part of the arterial stiffening in estrogen-deficient
postmenopausal women. In this regard, we previously demonstrated that carotid artery
compliance improves in response to systemic infusion of ascorbic acid, an antioxidant, and
to oral supplementation of BH, in estrogen-deficient postmenopausal women® 11, Future
investigations will need to examine these TNF-a mediated biological processes further.
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Possible TNF-a Inhibitory Mechanisms Associated with Estrogen-mediated Improvements
in Endothelial Function and Arterial Stiffness

It is unclear as to why there were no additional improvements in vascular function with the
administration of etanercept to the estradiol-treated postmenopausal women. Although
beyond the scope of this pilot investigation, it is plausible to speculate that the
improvements in endothelial function and arterial stiffness in response to transdermal
estradiol may have been related to antagonizing TNF-a mediated biological processes.
Estrogen has previously been shown to antagonize the pro-inflammatory effects of TNF-a
by inhibiting nuclear factor-kappa-B (NK-kB), an inducible nuclear transcription factor,
consequently reducing adhesion molecules and the release of other inflammatory markers
and ROS%°, Additionally, estrogen suppresses TNF-a and pro-inflammatory cytokines
through reducing ROS-stimulated pro-inflammatory cytokine expression, and by enhancing
NO release, which itself is anti-inflammatory®: 26,

Considerations and Experimental Limitations

Our findings can only be generalized to apparently healthy women without overt disease.
We recognize that because our postmenopausal women had higher levels of trunk fat, blood
pressure, insulin and cholesterol compared to premenopausal women that these factors may
have contributed to the TNF-a effects. The finding that brachial artery FMD and carotid
artery compliance did not reach levels observed in premenopausal women with etanercept
and/or estradiol indicates that other mechanisms are involved including local factors, as well
as structural alterations within the arterial wall that cannot be modified with short-term
etanercept or estrogen. It is possible that a higher dose of etanercept and/or longer duration
of treatment may have resulted in a greater improvement in or restoration of endothelial
function and arterial compliance.

Two important limitations to our study include the small sample size and the fact that we did
not conduct a randomized placebo controlled study of etanercept. Because of the small
sample size the randomization of postmenopausal women to either placebo or estradiol was
not fully successful because of the apparent, albeit not statistically significant, differences in
baseline brachial artery FMD and carotid artery compliance. Importantly, etanercept
improved vascular function in the placebo-treated postmenopausal women, who we
hypothesized would demonstrate improvements with TNF-a inhibition, and not in the
estrogen-treated postmenopausal or premenopausal women, who we hypothesized would not
demonstrate improvements with TNF-a inhibition. These findings remained after adjusting
for baseline levels of brachial artery FMD and carotid artery compliance.

It is important to emphasize that the aim of the present investigation was to acquire
preliminary insight into the role of TNF-a in mediating the endothelial dysfunction and
arterial stiffening with estrogen deficiency in postmenopausal women, not to determine the
efficacy of etanercept and transdermal estradiol for improving vascular function and
reducing CVD events in women. Although etanercept was well tolerated in our study
population, there were some minor to moderate adverse events, and thus, it would not be
appropriate to administer etanercept to healthy postmenopausal women for the prevention
and treatment of vascular dysfunction. Nonetheless, a better understanding of the
mechanisms underlying aging and estrogen action in the vasculature will help inform the
development of future prevention strategies or other therapies for CVD prevention in
women.

Conclusions

Our findings support the accumulating evidence in humans and animals suggesting an
important role for TNF-a in vascular dysfunction and increased risk for the development of

Atherosclerosis. Author manuscript; available in PMC 2014 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Moreau et al.

Page 9

atherosclerosis. Specifically, our data suggest that TNF-a is mechanistically involved in
endothelial dysfunction and arterial stiffening in estrogen-deficient postmenopausal women,
and that the improvement in vascular function with acute transdermal estradiol may be
related to altering or antagonizing the effects of TNF-a.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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a) Carotid artery compliance, and b) brachial artery FMD at baseline and following
transdermal placebo or estradiol, and after anti-TNF-a treatment in postmenopausal women,
and at baseline and after anti-TNF-a in premenopausal women. Data are means+SE.
*P<0.005 vs. baseline of the same group; T P<0.005 vs. after placebo treatment; $P<0.001
vs. postmenopausal women of either group.
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Figure 2.

a) Relative change in carotid artery compliance, and b) brachial artery FMD in response to
transdermal estradiol alone, etanercept alone, and estradiol co-administered with etanercept
in postmenopausal women. Data are means+SE.
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Characteristics of estradiol and placebo treated postmenopausal and premenopausal women

Table 1

Variable Estradiol Placebo  Premenopausal
n 12 11 9
Age, years 57+3 59+4 336
Menopause Duration, yr 9.2+5.6 8.5+6.2 --
Body Mass, kg 69.6+12.0 64.5+10.2 63.1+7.5
BMI 26.5+4.0 252451 22.7+3.1
Body Fat, % 396 3510 31+10
Trunk Fat, % 38+8 ™% 34+12 25+10
Waist Circumference, cm 83+22 83+15 7748
WHR 0.85+0.09  0.81+0.09 0.81+0.06
Systolic BP, mmHg 122+16% 11714 1038
Diastolic BP, mmHg 75+13 69+10 67+10
Total-Cholesterol, mmol/L 4.9+0.8 5.1+0.8 4.3+0.7
LDL-Cholesterol, mmol/L 2.8+0.6 3.0+0.7 2.4+0.7
HDL-cholesterol, mmol/L 1.620.4 1.6+0.4 1.5+0.3
Fasting Glucose, mmol/L 4.9+0.3 49405 45+0.4

Data are mean+SD or median (interquartile range).

*
P<0.05 vs premenopausal.

BMI, body mass index; WHR=waist to hip ratio; BP, blood pressure; LDL, low density lipoprotein; HDL, high density lipoprotein.
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Table 2
Circulating inflammatory, oxidative stress and humoral factors before and after estradiol, placebo and
etanercept treatments
Variable Premenopausal Postmenopausal Postmenopausal
Estradiol Placebo
TNFa, pg/mL
Baseline 0.8(0.6-1.4) 13(0.8-1.8) 1.0 (0.8-1.2)
Estrogen or Placebo -- 1.0 (0.8-1.6) 1.0(0.9-1.2)

Etanercept§
IL6, pg/mL
Baseline

Estrogen or Placebo

Etanercept§
CRP, mg/L
Baseline

Estrogen or Placebo

Etanercept§
Oxidized LDL, U/L
Baseline

Estrogen or Placebo

Etanercept§
TAS, mmol/L
Baseline

Estrogen or Placebo

Etanercept§
Endothelin-1, pg/mL

Baseline

Estrogen or Placebo

Etanercept§
Glucose, mmol/L

Baseline

Estrogen or Placebo

Etanercept§
Insulin, pmol/L

Baseline

Estrogen or Placebo

Etanercept§
Estradiol, pmol/L

Baseline

Estrogen or Placebo

Etanercept§

109.7 (103.9-132.8)"  108.5 (95.3-145.2)7  135.8 (89.9-192.8)7

0.7(0.4-1.6)

0.8(0.4-1.0)

05 (1.7)

0.4 (0.3-1.2)

47.3+16.5

47+15.1

1.36+0.10

1.40+0.14

5.8+0.8

5.7+1.3

4.7+02

4.7+0.4

63 (31-70)

49 (38-83)

286+160

1.4 (1.0-2.0)
1.2 (0.8-1.9)
1.2 (0.9-1.4)

1.4 (0.8-3.6)
1.4 (0.5-4.1)

13 (05-2.7)%

53.3+11.5
56.2+12.6
55.5+11.0

1.44+0.12
1.40+0.13
1.43+0.13

6.5+1.7
6.2+1.0
6.3+1.6

5.1+0.4
5.0+0.5
5.1+0.5

76 (70-115) "
63 (56-87)7
70 (57-102)

66427

207+1167
231292

1.3 (0.7-2.6)
1.5 (0.7-1.9)
1.0 (0.6-1.8)

1.9 (1.1-3.7)
1.6 (0.9-3.1)
1.7 (0.7-3.7)

58.4+21.1
56.7+16.4
55.4+18.0

1.35+0.16
1.41+0.14
1.38+0.12

7.0£1.5
7.6+0.9
7.1+1.6

5.0£0.4
5.0+0.7
4.9+0.5

76 (63-90)
76 (63-83)

70 (65-83)

63427
63127

62+26
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All data are mean+SD or median (interquartile range).

TNFa=tumor necrosis factor-a; CRP, C-reactive protein; IL-6, interleukin-6; TAS, total antioxidant status.
§Estrogen/p|acebo co-administered with etanercept in postmenopausal women, and etanercept alone in premenopausal women;

P<0.05 vs premenopausal;

fP<0.05 vs Baseline of the same group;

¢P<0.05 vs Follow-Up.
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