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Abstract

Objectives—We tested the hypothesis that oxidative stress contributes to reductions in left
ventricular diastolic function in estrogen-deficient postmenopausal women, related in part to
reduced nitric oxide (NO) bioavailability.

Study design—LYV diastolic function — recorded using transthoracic echocardiography and
determined as the peak early (E) to late (A) mitral inflow velocity ratio and the E to peak early (e”)
mitral annular velocity ratio — and brachial artery flow mediated dilation (FMD), a biomarker of
NO bioavailability, were measured during acute systemic infusions of saline (control) and ascorbic
acid (experimental model to decrease oxidative stress) in healthy premenopausal women (N=14,
18-40 years) and postmenopausal women (N=23, 45-75 years).
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Results—The E/A ratio was lower (1.16[1.06-1.33] vs 1.65[1.5-2.3]; median[interquartile
range]) and the E/e’ ratio was elevated (8.8[7.6—9.9] vs. 6.6[5.5-7.3]) in postmenopausal
compared with premenopausal women, indicating reduced LV diastolic function. E/A and E/e’
were correlated with FMD (r=0.54 and r=-0.59, respectively, both P<0.01). Ascorbic acid infusion
improved both FMD (5.4+2.0% to 7.8+2.6%) and E/e’ (to 8.1[7.2-9.7], P=0.01) in
postmenopausal women but not in premenopausal women. Ascorbic acid did not change E/A in
either group.

Conclusion—The current study provides evidence that oxidative stress contributes to reduced
LV diastolic function in estrogen-deficient postmenopausal women, possibly by reducing the
availability of NO.

Keywords
diastolic function; oxidative stress; postmenopausal women

1. Introduction

Aging is associated with an increased risk for the development of Heart failure (HF), a
debilitating condition that affects nearly 6 million Americans and has been estimated to
account for one-third of all disease-related mortality in American women [1][2]. Of the two
phenotypes of HF, older women (>65 years) are more likely to develop HF with a preserved
ejection fraction (HFpEF), characterized by impaired left ventricular (LV) diastolic function
[3-7]. Although LV diastolic function declines with age, postmenopausal women experience
a more rapid decline compared to age-matched men [8]. Understanding the mechanisms that
contribute to the decline in LV diastolic function in postmenopausal women is important for
the development of strategies to preserve cardiac function and prevent heart failure in
women. The biological processes underlying the reduction in LV diastolic function in
estrogen-deficient postmenopausal women are not completely understood. Estrogen-
deficient postmenopausal women have a greater oxidative burden than premenopausal
women [9-11]. Elevated markers of reactive oxygen species (ROS) have been reported in the
failing human myocardium [12], and LV diastolic dysfunction in ovariectomized (OVX) rats
is associated with elevated cardiac ROS levels [13, 14]. These data suggest that oxidative
stress may play a role in the reduction in LV diastolic function [14, 15]. Oxidative stress
could impair LV diastolic function by decreasing the bioavailability of nitric oxide (NO), a
key regulator of cardiac function. Elevated levels of ROS can scavenge NO decrease NO
synthesis by suppressing the enzymatic function of nitric oxide synthase (NOS), the enzyme
that catalyzes NO from L-arginine [16, 17] Whether oxidative stress is mechanistically
linked to reduced LV diastolic function in postmenopausal women is unknown. Accordingly,
we tested the hypothesis that oxidative stress contributes to the reduced LV diastolic function
in estrogen-deficient postmenopausal women compared to premenopausal controls, related
in part to reduced NO bioavailability.
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2. Materials and Methods

2.1 Study Population

We studied 37 healthy women: 14 premenopausal (18-40 years) and 23 postmenopausal
(45-75 years). Premenopausal women had regular menstrual cycles with no change in
observed cycle length (21-35 days). Postmenopausal women had >12 months of
amenorrhea. Women had not used oral contraceptives or hormone therapy for at least 6
months. Women were normotensive (resting blood pressure <140/90 mmHg), non-diabetic
(fasted glucose <126 mg/dL), sedentary or recreationally active (<3 days/wk vigorous
exercise), nonsmokers, and healthy as determined by medical history, physical examination,
standard blood chemistries (chemistry panel, complete blood count and thyroid stimulating
hormone) and electrocardiogram at rest and during incremental treadmill exercise.
Additionally, women were not taking medications that could influence cardiovascular
function (e.g., antihypertensive, lipid lowering medications) and had not used vitamin
supplements or anti-inflammatory medications for at least 4 weeks prior to the study visit.
The study was approved by the Colorado Multiple Institutional Review Board, and all
participants provided a written informed consent form.

2.2 Measurements

Women were studied in the supine position following an overnight fast with proper
hydration (water only). Participants were provided individualized meals based on a 3-day
food intake record to ensure normal dietary patterns, including sodium intake, as described
previously [18]. Meals were consumed 2-days immediately prior to any measurements.
Premenopausal women were tested in the mid-follicular phase (e.g., 7-10 days after onset of
menstruation) in an effort to perform measurements when estradiol was representative of
average levels across the menstrual cycle. The study took place at the University of Colorado
Anschutz Medical Campus Colorado Clinical Translational Sciences Institute Clinical and
Translational Research Center.

2.2.1 Echocardiogram—Transthoracic echocardiographic measurements of LV diastolic
function were obtained using a GE Vivid | ultrasound (GE Healthcare, Horten, Norway)
using standard methods [19]. Briefly, 2 dimensional guided M-mode echocardiography was
used to quantify LV structural characteristics and the Teichholz formula [20] to calculate LV
volumes, ejection fraction, and fractional shortening. Pulsed-wave Doppler in the apical 4-
chamber view was used to obtain mitral inflow velocities. The sample volume was placed
between the mitral leaflet tips to quantify peak early filling (E) and late diastolic filling (A)
velocities, E/A ratio, and deceleration time (interval from peak E to a point of intersection of
the deceleration of flow with the baseline). Because mitral inflow patterns are sensitive to
preload and can change dramatically with the progression of diastolic dysfunction,
myocardial tissue Doppler imaging (TDI) was also performed in the apical 4 chamber view
with a 2 mm sample volume at the septal and lateral mitral annulus. Septal and lateral values
of peak early (e”) and late (a”) mitral annular velocities were calculated. The ratio between E
and e’ was used as the primary parameter of diastolic performance. All measurements were
performed by a single trained technician and all echocardiographic images were reviewed by
a board eligible cardiologist.
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2.2.2 Brachial artery flow mediated dilation—Ultrasound measurements of brachial
artery FMD were performed as previously described in detail by our laboratory [21, 22], and
according to published guidelines for assessing FMD in human participants [23]. 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 min. After the release of the arterial
occlusion, the initial 10 Doppler blood flow velocity waveform envelopes were acquired and
B-mode ultrasound brachial artery diameter images were measured continuously for two
minutes. The dilation of the brachial artery in response to the stimulus of forearm ischemia
has been shown to be dependent on the release of vasodilators, predominantly NO, from the
vascular endothelium, and thus, is considered a biomarker of NO bioavailability [24].
Brachial images were analyzed for systolic and diastolic diameters using a computerized
semi-automated edge-detection software that allows accurate identification and
measurements of brachial artery lumen diameter (Vascular Analysis Tools v. 5.5; MIA LLC,
Coralville, 1A). Peripheral artery blood pressures were measured over the brachial artery
using a semi-automated device (Dinamap; Johnson & Johnson, New Brunswick, NJ). All
images were coded by number, blinded to menopause group and testing condition, and
analyzed by the same individual. The coefficient of variation and intra-class correlation for
trial-to-trial reliability measured in 10 individuals for FMD (%) were 2.2% and 0.99,
respectively.

2.2.3 Body composition, physical activity, and blood sampling—Total and trunk
fat percent were determined using dual energy X-ray absorptiometry (Hologic Discovery,
version 12.6). Minimal waist and hip circumferences were measured and waist-to-hip ratio
was calculated as previously described [21]. Leisure time physical activity was determined
by the Modifiable Activity Questionnaire [25]. Fasting plasma concentrations of glucose,
insulin, total cholesterol (Roche Diagnostic Systems, Indianapolis, IN), and high-density
lipoprotein cholesterol (Diagnostic Chemicals Ltd, Oxford, CT) were determined using
enzymatic/colorimetric methods. Low-density lipoprotein (LDL) cholesterol was calculated
using the Friedewald equation [26]. Serum concentrations of follicle-stimulating hormone
(FSH), estradiol and progesterone were measured using chemiluminescence. Serum total
antioxidant status (TAS), a measure of overall antioxidant defenses, was measured using an
enzymatic kit (Randox Laboratories, Oceanside, CA). All blood samplings occurred on the
day of vascular testing. All assays were performed at the University of Colorado Clinical
Translational Research Center core laboratory.

2.3 Experimental design

To determine whether oxidative stress is mechanistically linked to the reduced LV diastolic
function in estrogen-deficient postmenopausal women, we employed a common
experimental model used to acutely suppress ROS as described previously by our laboratory
and others [27-31]. Briefly, echocardiographic and brachial artery ultrasound measurements
were obtained after 20 minutes of normal isovolumic saline infused systemically (control),
and then repeated after 20 minutes of intravenous systemic infusion of a pharmacological
dose of ascorbic acid. The concentration of the ascorbic acid solution prepared by the
University of Colorado pharmacy was 0.06g ascorbic acid/kg fat-free mass/100ml of normal
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saline. All women received a bolus of 100ml ascorbic acid solution given at 5ml/min over 20
minutes followed by a “drip-infusion” given at 1.7ml/min to maintain ascorbic acid levels
until cardiovascular testing was completed. This dose (~2-3g) of ascorbic acid has been
previously shown to improve carotid artery compliance, femoral artery blood flow and
endothelial function in estrogen-deficient postmenopausal women [29, 30, 32, 33]. The
difference in E/A, E/e’, and brachial artery FMD following acute infusion of ascorbic acid
versus saline represents the tonic suppression of LV diastolic function and FMD by ROS.

2.4 Statistics

3. Results

Descriptive statistics were used to examine all data elements. Parameters with skewed
distributions were log transformed and are presented as median (interquartile range).
Independent t-tests were used to assess differences in participant characteristics. A mixed
factor ANOVA, with group as a between-subject factor and saline vs. ascorbic acid as a
within-subject factor, was used to determine the effects of ascorbic acid on LV diastolic
function and brachial artery FMD. For a significant overall F-statistic (P<0.05), paired and
independent t-tests were used to determine the within-group and between-group effect,
respectively. Pearson and Spearman correlation analyses were used to test for the presence
of significant linear bivariate relations between variables of interest (e.g., potential
modulators of LV diastolic function) and basal LV diastolic function and the change in LV
diastolic function with ascorbic acid. Data analysis was performed with IBM SPSS Statistics
version 23.0.

3.1 Participant characteristics

Among postmenopausal women, the reported mean+SD age at menopause and time since
menopause were 51.3+5.0 and 6.1+5.2 years, respectively. Forty-four percent of
postmenopausal women were prior hormone therapy users with a duration of 3.9+3.2 years.
Seventy-nine percent of premenopausal women had used hormonal contraceptives for an
average of 5.0+6.1 years. Postmenopausal women had a significantly greater BMI, total
body fat percentage, trunk fat percentage, resting systolic blood pressure, and total
cholesterol (all P<0.05; Table 1). Postmenopausal women had lower concentrations of
estradiol and progesterone (both P<0.01), and higher concentrations of FSH compared to
premenopausal women (P<0.001). There were no differences in reported micro- or
macronutrient intake between groups (Table 2).

Postmenopausal women had lower TAS concentrations (1.31[1.16-1.43] nmol/L, P<0.05)
compared to premenopausal women (1.40[1.24-1.59] nmol/L). TAS increased after the
ascorbic acid infusion in both premenopausal (2.67[2.59-3.03] nmol/L) and postmenopausal
women (2.40[2.22-3.10] nmol/L) (both P<0.05).

3.2 Effects of postmenopausal status on echocardiographic measurements and FMD

At baseline, there were no structural differences in diastole between pre- and
postmenopausal women (Table 3). Examination of basal mitral inflow velocity patterns
revealed a significantly lower E, higher A, and lower E/A in postmenopausal women
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compared to premenopausal women (P<0.01; Table 3). Basal TDI followed a similar pattern,
with significantly lower e’ and higher a’ in postmenopausal compared to premenopausal
women (P<0.01). E/e” was higher (P<0.001) in postmenopausal compared to premenopausal
women, indicating reduced LV diastolic function. Brachial artery FMD was reduced
(P<0.001) in postmenopausal women compared to premenopausal women, indicating
impaired endothelial function.

3.3 Effects of ascorbic acid on hemodynamics, LV diastolic function and FMD

There were no significant differences in systolic blood pressures, diastolic blood pressures,
or mean arterial pressures between saline and ascorbic acid conditions in premenopausal or
postmenopausal women (Table 3). There was a very small (1 beat), but statistically higher
resting supine heart rate during the ascorbic acid conditions in premenopausal women. All
echocardiographic measures, with the exception of late mitral inflow velocity (A) and the
ratio between early and late mitral inflow velocities (E/A), were significantly improved in
the postmenopausal women following the ascorbic acid infusion (Table 3). Measures were
unchanged in premenopausal women, except for a decrease in deceleration time. Similarly,
FMD improved following the ascorbic acid infusion in postmenopausal women (P=0.01),
and did not change in premenopausal women (P=0.78).

In the pooled population, both E/A and E/e’ were highly correlated with baseline FMD and
with TAS (Figure 1). Changes in E/e’ and FMD with the ascorbic acid infusion were not
significantly correlated (r=0.07, P=0.83).

4. Discussion

The current study provides novel insight into a potential mechanism underlying reduced LV
diastolic function in estrogen-deficient postmenopausal women. Specifically, acute infusion
of the antioxidant ascorbic acid improved LV diastolic function (E/e’) in estrogen-deficient
postmenopausal women, but not in premenopausal women. Moreover, the ascorbic acid
infusion improved the surrogate marker of NO bioavailability, brachial FMD, in
postmenopausal women but not in premenopausal women. These data suggest that oxidative
stress contributes to the reduced LV diastolic function in estrogen-deficient postmenopausal
women, possibly through reductions in NO bioavailability.

4.1 Oxidative stress and LV diastolic function

Consistent with previous observations [34, 35], in the present study postmenopausal women
had a 30% lower E/A and a 33% higher E/e’ compared to premenopausal women, indicative
of reduced LV diastolic function. The present study extends previous work by providing
evidence for oxidative stress as one potential mechanism underlying these observed
differences. First, we found that basal measures of LV diastolic function were moderately
correlated with basal TAS, a marker of endogenous antioxidants. Second, improvements in
parameters of LV diastolic function with an acute ascorbic acid infusion in postmenopausal
women, but not premenopausal women, supports the notion of tonic suppression of LV
diastolic function by ROS. These findings are consistent with previous investigations that
showed an improvement in LV diastolic function following the chronic administration of the
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mitochondrial targeted antioxidant coenzyme Qqq in patients with hypercholesterolemia and
hypertrophic cardiomyopathy [36, 37].

4.2 Potential mechanism for the tonic suppression of LV diastolic function by oxidative
stress

We can only speculate on the mechanisms by which oxidative stress contributes to reduced
LV diastolic function and how the acute ascorbic acid infusion improved LV diastolic
function in estrogen-deficient postmenopausal women. Cardiac myocytes, as well as
endothelial cells and neutrophils within the heart, generate multiple cellular sources of ROS
in the plasma membrane (e.g., NADPH oxidase), cytoplasm (e.g., xanthine oxidase),
peroxisomes (e.g., lipid oxidation) and mitochondria (superoxide production via oxidative
phosphorylation) [38]. Excessive ROS has been shown to impair LV diastolic function by
preventing the oxidation of SERCA (sarcoendoplasmic reticulum calcium transport ATPase)
and increasing cytosolic calcium removal [10]. The overproduction of ROS can also
scavenge nitric NO [39-42]. NO derived from NOS located in the sarcolemmal caveolae and
in the sarcoplasmic reticulum (SR) of cardiac myocytes may modulate excitation-contraction
coupling and diastolic function by enhancing SR re-uptake of calcium released during
systole [39, 40]. Indeed, reductions in NO lead to changes in phospholamban, a key
regulator of SR-dependent calcium handling, that contribute to increases in cytosolic
calcium and impairments in LV diastolic function [41, 42]. Endothelium-derived NO also
enhances cardiac myocyte relaxation and diastolic function through its effects on cGMP
induced reduction in myofilament responsiveness to calcium [43]. Ascorbic acid is a potent
water-soluble antioxidant, and when infused at supraphysiological levels, it has been shown
to prevent the scavenging of NO by ROS. Moreover, infusing high doses of ascorbic acid has
been shown to reduce markers of inflammation [44] which can inactivate NOS, as well as
produce excess ROS [45]. Consistent with this, in the present study the reduced LV diastolic
function in postmenopausal women was associated with reduced brachial artery FMD, a
biomarker of NO bioavailability. .

The ascorbic acid infusion could have also increased NO and LV diastolic function by
stabilizing NOS through recycling one of its essential cofactors, tetrahydrobiopterin (BH4).
When BH4 is deficient, NOS becomes uncoupled, producing the ROS, superoxide, instead
of NO. In this regard, reduced LV diastolic function observed in OV X rats was shown to be
associated with reduced cardiac BH4 and elevated cardiac ROS, presumably due to NOS
uncoupling and reduced NO [14]. Moreover, OV X rats that were supplemented with BH4
for 4 weeks had reduced levels of cardiac ROS and preserved LV diastolic function,
presumably due to preservation of NOS coupling and NO production [13, 14]. The effect of
BH4 supplementation on LV diastolic function and circulating ROS levels in women
warrants future exploration.

Finally, oxidative stress could also contribute to reduced LV diastolic function in estrogen-
deficient postmenopausal women via its effects on endothelium dependent vasodilation,
large elastic artery stiffness and arterial-ventricular (AV) coupling, (a measure of cardiac
efficiency and interaction between the LV and arterial system). Similar to the apparent
accelerated decline in LV diastolic function in women after menopause, AV coupling also
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declines at a faster rate in postmenopausal women compared to age-matched men [8]. The
impairment in AV coupling is partly due to endothelial dysfunction, alterations in arterial
structure and function, diameter, wall thickness, and wall stiffness (e.g., reduced arterial
compliance) [46]. These maladaptations increases the afterload on the heart, consequently
increasing LV stiffening and further reducing LV function [46].

4.3 Clinical perspective

This study was designed to investigate the mechanistic contributions of ROS on LV diastolic
function in postmenopausal women, through a common experimental model of acute
ascorbic acid infusion. Although our findings support the hypothesis that LV diastolic
function in postmenopausal women is partly reduced, due to ROS, they cannot provide
insight into the effects of chronic antioxidant therapy on LV diastolic function. Numerous
investigations have explored responses to long term antioxidant therapy on markers of
cardiovascular disease in aging women with little to no benefit [47, 48]. Mixed findings in
small [49-51] and large [52-54] scale studies suggest that oral antioxidant supplements, such
as vitamin C and/or E, may not be efficacious treatments to combat cardiovascular disease.
In this regard, attention has recently been focused on targeting sources of high ROS
production, such as the mitochondria. Alternative mitochondria targeted antioxidant
therapies (e.g., Coenzyme Q10 and MitoQ) have been increasingly investigated in
populations with advanced cardiovascular disease [36, 55, 56] demonstrating improvements
in LV function, endothelial function, and favorable cardiac remodeling. However, to our
knowledge, there are no studies that have investigated the effects of mitochondrial targeted
antioxidants on cardiovascular function in postmenopausal women, acutely or chronically,
making it an attractive area of research for studying alternative methods of attenuating the
decline in cardiovascular function with aging in women.

4.4 Experimental considerations and limitations

The current study is not without limitations. Echochardiographic indices of cardiac structure
were not measured during the ascorbic acid infusion, as changes were not expected due to
the acute nature of the experiment. Consequently, cardiac morphologic measures typically
associated with LV diastolic function (e.g., left atrial volume index, LV mass index) were not
measured. Typically, for cardiac structural modifications to occur in response to an
intervention (e.g., aerobic exercise, drug intervention), multiple weeks to months of
exposure are required [57, 58]. Acute administration (sublingual) of estrogen, which has
antioxidant like properties, was shown to improve LV diastolic function in postmenopausal
women despite lack of alterations in cardiac structural parameters [59]. Additionally, the
ascorbic acid infusion did not significantly improve all echocardiographic indices of LV
diastolic function, and those measures that were significantly improved in the
postmenopausal group were not restored to premenopausal levels. It is possible that the
acute ascorbic acid infusion did not completely suppress other sources of ROS (e.g.,
peroxynitrite). Our relatively small sample size (13 premenopausal and 24 postmenopausal
women) may have also limited our ability to detect a significant difference in all
echocardiographic indices. However, post hoc sample size calculations revealed 99% power
to detect a within group (saline vs. ascorbic acid infusion) difference of 0.4+0.3 in E/e” and
0.01+£ 0.01 in E/A for the postmenopausal women. . It is important to consider that the
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women enrolled in our study were healthy and free of any overt CVD, limiting the
generalizability of our findings. However, this study sought to identify mechanisms that may
partly explain the reduced LV diastolic function observed in estrogen-deficient
postmenopausal women, specifically oxidative stress. Therefore, a healthy population was
recruited to limit characteristics associated with increased ROS (e.g., hypertension, diabetes,
CVD).

Our study design cannot isolate whether the reduced LV diastolic function and the oxidative
stress-tonic suppression of LV diastolic function in postmenopausal women is related to
menopause and estrogen deficiency, and/or chronological age. Moreover, the current study
design did not test potentially important sex-specific differences in the role of oxidative
stress and LV diastolic function. . Future studies are encouraged to isolate the effects of
menopause and age on LV diastolic function, and the role of factors that change with
menopause and age (i.e., adiposity, blood pressure). Additionally, future studies should
explore whether the potential beneficial effects of hormone therapy on LV diastolic function
are related to antioxidant effects, and whether sex differences in LV diastolic function with
aging are related to oxidative stress. Additionally, the authors recognize that nutraceuticals
and long term dietary intake can influence cardiovascular health as previously suggested [60,
61]. Accordingly, the current study only included participants that had not taken antioxidant
or anti-inflammatory supplements for at least 4 weeks. Moreover, in the present study there
were no reported differences in micro- or macronutrient intake between the pre- and
postmenopausal women (Table 2). Finally, we used brachial artery FMD as a surrogate
measure of NO and did not measure cardiac or circulating levels of NO. However,
measuring NO in the heart would require invasive techniques. In addition, blood measures of
NO may not always provide an accurate assessment of whole body or tissue NO due to the
extremely short half-life of NO [62].

5. Conclusions

In conclusion, the current study provides initial evidence that oxidative stress and reduced
NO, contributes to reduced LV diastolic function in estrogen-deficient postmenopausal
women. These data contribute to the growing literature supporting oxidative stress as an
important mediator of cardiovascular function in this population. Understanding the
biological processes that promote oxidative stress will help to identify potential strategies to
preserve LV diastolic function and decrease the risk of HF in postmenopausal women.
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Highlights

Ascorbic acid infusion improved diastolic function in postmenopausal
women.

Ascorbic acid infusion also improved the surrogate marker of nitric
oxide (NO) bioavailability.

Oxidative stress contributes to reduced diastolic function in
postmenopausal women.

Oxidative stress is an important mediator of cardiovascular function.
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Figure 1.
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Relation between baseline E/A and E/e” with baseline FMD and total antioxidant status in

premenopausal () and postmenopausal (O) women.
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Participant characteristics

Table 1

Variable Premenopausal (n =14) Postmenopausal (n=23) P
Age,y 31.5+6.0 57.4+53 <0.001
Body mass, kg 62.6+9.1 70.6+14.1 0.06
BMI, kg/m? 23.1+39 27.3+53 0.01
Total body fat, % 29271 39.3+54 <0.001
Trunk fat, % 27.0+85 38.0+6.6 <0.001
Waist circumference, cm 76.8+9.8 849+12.8 0.05
WHR 0.78 £0.07 0.81 +0.06 0.09
LTPA, MET hiwk 2 17.8 (6.4 - 25.8) 6.5 (3.0 - 16.0) 0.19
Seated systolic BP, mm Hg 108+7 119+ 15 0.01
Seated diastolic BP, mm Hg 68+5 73+9 0.18
Resting HR, bpm 68+9 64 +6 0.12
Total cholesterol, mg/dl 154+ 32 176+ 30 0.04
LDL cholesterol, mg/dl 91+25 105+ 30 0.15
HDL cholesterol, mg/dl 46+ 9 49+ 14 0.51
Triglycerides, ma/dl 2 65 (54 — 94) 86 (68 — 125) 0.14
Fasting insulin, ulU/ml a 50(3.0-83) 50(40-130) 0.49
Fasting glucose, mg/d| 82+ 10 87+ 12 0.27
FSH, pulu/mi 55+33 82.0+35.7 <0.001
Estradiol, pg/ml ? 88 (61— 108) 10 (10- 11.) <0.001
0.6 (0.3-0.7) 0.3(0.2-0.4) 0.004

Progesterone, ng/ml a

Data are mean + SD, unless otherwise indicated. BMI, body mass index; WHR, waist to hip ratio; LTPA, leisure time physical activity; MET,
metabolic equivalents; BP, blood pressure; HR, heart rate; bpm, beats per minute; LDL, low density lipoprotein; HDL, high density lipoprotein;

FSH, follicle stimulating hormone;

a L .
Data are presented as median (interquartile range).
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Reported micro and macro nutrient

Table 2

Variable Premenopausal Postmenopausal P

Energy intake (kcal) 1716 + 397 1752 + 397 0.79
Total fat intake (g) 69 £ 23 68 + 21 0.85
Total carbohydrate intake (g) 204 +58.5 216+ 77 0.64
Total protein intake (g) 73+18.0 70 £17 0.63
Vitamin D intake (mcg) 5+3.4 4+3 0.26
Total a-Tocopherol (mg) 13+10 105 0.20
Vitamin E intake (mg) 107 8+4 0.25
Vitamin C intake (mg) 83 £ 50 93+81 0.70

kcal, kilocalories; g, grams; mcg, micrograms; mg, milligrams
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Hemodynamic and cardiac parameters, and FMD during saline and ascorbic acid infusions.

Table 3

Premenopausal Postmenopausal
Saline Ascorbic Acid Saline Ascorbic Acid

Hemodynamic Measures

SBP (mm Hg) 105+9 104 +8 119+ 13 118+ 14

DBP (mm Hg) 66+9 67+7 70+7 69 +8

MAP (mm Hg) 81+10 80+8 87+8 86+ 11

Heart rate (beats:min™%) 58+7 59 + gt 59+6 59+6
Cardiac Parameters

1VSd, cm 0.91+0.12 - 0.94+0.18 -

Lvd, cm 46+04 - 49+04 -

LVEDV, ml 98.9+16.9 - 1109+21.8 -

Stroke volume, ml 64.0 +13.9 - 68.1+17.1 -

Ejection fraction, % 64.8 £6.1 - 61.7£9.9 -

Fractional shortening, % 354+48 - 33.7+9.9 -

E (cm/s) 84.6+9.1 81.4+8.3 71241147 757+ 1427

A (cm/s) 473+117 47.9+10.1 60.1+128% 63.4+157"

EIA? 1.65(153-2.30)  1.65(1.46-1.91) 1.16(1.06-1.33)" 1.22(1.11-1.35)"

Deceleration Time (ms)
e’ (cm/s) a
a’ (cm/s) a

Ele’ a

FMD (%)

268.4 +£485

t 265.1 + 44.8

229.1+35.1
12.75(11.88-14.0) 12.5(11.5-13.5) 8.5 (7.0-9.5) *
7.25 (6.50-8.0) 7.5 (6.88-8.0) 8.5(8.0-9.5) *
6.6 (6.2-7.6) 6.6 (5.5-7.3) 8.8(7.6-9.9)"
10.0+2.1 10.2+1.9 5420

233143527
9.0 (8.0-10.0) 7
9.0 8.0-105)*"
8.1(7.2-9.7)

7842677
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SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; 1VSd, interventricular septal thickness at diastole; L\Vd,
left ventricular diastolic diameter; LVEDV, left ventricular end diastolic volume; E, peak early mitral inflow velocity; A, peak late mitral inflow
velocity; e’, peak early mitral annular velocity; a’, peak late mitral annular velocity; FMD, flow mediated dilation;

*
Different from premenopausal women

fdifferent from saline condition within group.

a L .
Data are presented as median (interquartile range).
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