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Abstract

Objective—Alterations in sleep quality and metabolism during menopause are improved by 

menopausal hormone therapy (MHT). The mechanisms mediating these effects remain unclear. 

Orexin A (OxA) is a neuro-peptide that regulates sleep/wakefulness, food intake and metabolism. 

This study examined changes in plasma OxA levels during and after treatment in women from the 

Kronos Early Estrogen Prevention Study (KEEPS).

Methods—KEEPS randomized women within three years of menopause to: oral conjugated 

equine estrogen (o-CEE, 0.45 mg/day), transdermal 17β estradiol (t-E2, 50 μg/day), or placebo 

pills and patches for four years. Plasma OxA levels were measured by enzyme immunoassays in 
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fasting blood samples collected annually from KEEPS participants at Mayo Clinic during and 

three years after MHT. Changes in menopausal symptoms and plasma OxA levels were assessed 

for treatment differences.

Results—During treatment, OxA levels increased more in women randomized to o-CEE 

compared with the other groups. Women randomized to either form of MHT demonstrated smaller 

increases in BMI than those on placebo. Insomnia severity decreased similarly among treatment 

groups. However, neither changes in sleep nor changes in BMI correlated with changes in plasma 

OxA levels. Changes in waist circumference correlated positively with changes in plasma OxA 

levels three years after discontinuation of study treatments.

Conclusions—Although OxA levels increased only in women randomized to o-CEE, these 

changes did not correlate with changes in sleep quality or BMI. The modest correlation of OxA 

levels with waist circumference once study treatments were discontinued suggests that OxA may 

be modulated through multiple intermediary pathways affected by metabolites of 17β-estradiol.
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1. Introduction

Orexin A (OxA or hypocretin 1) and Orexin B (OxB or hypocretin 2) are neuropeptides 

implicated in regulation of sleep/wakefulness, food intake and energy expenditure [1]. OxA 

and OxB are produced from a single protein precursor, prepro-orexin, in the lateral 

hypothalamus, and share 46% amino acid sequence homology [2]. Both peptides are 

endogenous ligands to G-protein coupled receptors; Orexin 1 (Ox1R) and Orexin 2 (Ox2R), 

with OxA having a 10 fold stronger affinity to the Ox1R [1]. Ox1R is distributed mainly in 

cortical regions and brainstem nuclei, with OxA neurons having dense projections to brain 

regions associated with control of arousal and metabolism [3].

Although the main focus of research concerning OxA has been in the central nervous 

system, OxA (and not OxB) is detected in the peripheral circulation. The Ox1R is expressed 

in peripheral tissues, through which OxA regulates insulin and glucagon secretion, affects 

intestinal motility and energy metabolism [4].

The measurement of plasma OxA remains a challenge given that levels in the peripheral 

circulation are 1/5 to 1/8 those measured in the cerebrospinal fluid [5]. However, plasma 

OxA increased with age, with the highest levels measured in persons >60 years of age [6]. 

Sex differences in plasma OxA have yet to be explored in humans, although evidence in rats 

suggests a sexual dimorphic expression of orexin receptors [7].

When considering women-specific life events, circulating levels of OxA were lower in 

women with gestational diabetes mellitus [8] and polycystic ovarian syndrome [9] compared 

to age-matched women without these conditions. In addition, plasma OxA was lower in 

overweight and obese women than non-obese women, and showed a negative correlation 

with plasma leptin concentrations [10]. Leptin is a cytokine produced by adipose tissue that 

suppresses food intake and regulates sleep. Sleep restriction increased plasma leptin 
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concentration and food intake in healthy young men [11]. These associations have yet to be 

examined in women.

Little is known about how plasma OxA changes with menopause and the association of 

plasma OxA with menopausal symptoms [12]. At menopause, women experience 

disturbances in sleep [13], declines in energy metabolism and expenditure and increases in 

central adiposity [14]. Menopausal hormone therapy (MHT) is beneficial in treating 

menopause-related symptoms. However, the impact of MHT on plasma OxA is unclear, and 

little is known about OxA fluctuations after MHT discontinuation.

The objective of this study was to compare the effects of two formulations of MHT with 

placebo on plasma levels of OxA in healthy, recently menopausal women during and 

following discontinuation of study treatment. In addition, the study explored the relationship 

of OxA with leptin, clinical and self-reported sleep and appetite/physical behaviors. Given 

findings of increased plasma OxA in patients with sleep restriction, narcolepsy or 

obstructive sleep apnea, and the reduction in sleep quality during menopause that is 

alleviated by MHT, we hypothesized that OxA would be reduced by MHT.

2. Methods

2.1. Protocol approval

This study was approved by the Mayo Clinic Institutional Review Board (IRB protocol # 

2241). All participants gave written informed consent.

2.2. Participants

This study evaluated a subgroup of white participants (n = 74) from the Kronos Early 

Estrogen Prevention Study (KEEPS; NCT00154180) Cognitive and Affective Ancillary 

study (KEEPS-Cog) at Mayo Clinic, Rochester MN [15]. KEEPS was a randomized, 

double-blind, placebo-controlled trial studying the effects of MHT, started within 3 years of 

menopause, on progression of cardiovascular disease. [16] Briefly, women were included in 

KEEPS-Cog if their last spontaneous menses occurred between 42 and 58 years of age with 

>6 months to <3 years of amenorrhea, plasma follicle-stimulating hormone ≥35 ng/mL 

and/or E2 < 40 pg/mL. Women were excluded if they had a coronary arterial calcification 

(CAC) score of >50 Agatston Units, a history of cardiovascular disease, a body mass index 

(BMI) > 35 kg/m2, low-density lipoprotein cholesterol (LDL) > 190 mg/dL, triglycerides 

(Tg) > 400 mg/dL, blood glucose > 126 mg/dL, uncontrolled hypertension (systolic blood 

pressure >150 mmHg and/or diastolic blood pressure >95 mmHg), current or recent (6 

months) use of cholesterol-lowering medications (statins, fibrate, or >500 mg/day niacin) 

and if they smoked more than 10 cigarettes per day.

2.3. Study design

Participants were randomized to one of the following: oral conjugated equine estrogens (o-

CEE; Premarin, 0.45 mg/day) plus a placebo transdermal patch, transdermal 17β-estradiol 

(t-E2; Climara 50 μg/day) plus a placebo pill, or placebo (PL) pills and patch. Women in the 

active treatment groups also received oral micronized progesterone (Prometrium, 200 mg) 
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for the first 12 days of each month. A random number table was used to assign treatment. 

Study drugs were supplied to centers identified only by the women’s ID number, with both 

research participants and investigators blinded to treatment.

Treatment was given for four years with visits prior to randomization (baseline) and then 

annually at 12, 24, 36 and 48 months. In a follow-up study, participants were studied three 

years after the cessation of study treatment and were compared to their final on-treatment 

measurements (from 48 to 84 months).

2.4. Blood collection and plasma preparation

At each visit (baseline, 12, 24, 36, 48, and 84 months), morning fasting venous blood was 

collected in tubes containing 7.5% ethylenediamine tetra-acetic acid tri-potassium salt 

[EDTA (k3)] anti-coagulant. Aliquots of plasma were stored immediately at −80 °C until 

analysis. The range of storage time for plasma samples was from 2 to 7 years.

2.5. Measurements of plasma orexin a and leptin

OxA was measured in diluted (1:2 in standard diluent supplied by manufacturer) plasma 

using a commercially available extraction free peptide enzyme immunoassay kit (EIA, 

Catalog # S-1374; Peninsula Laboratories, California, USA). Each plasma sample was 

measured in duplicate and the mean of these two measurements was used for analysis. The 

lowest detection limit of the assay was 0.5 ng/mL with intra- and inter-assay coefficients of 

variation of <6% and <15%, respectively. The cross-reactivity of OxA with OxB was 

reported to be 18%.

Leptin was measured in plasma samples collected at baseline and at 48- and 84-month 

follow-up visits using the human leptin double antibody radioimmunoassay kit (Linco 

Research, Inc. St. Louis, MO 63304). Intra –assay coefficients of variation were 6.1%, 7.7%, 

and 6.3% at 39.7, 21.6, 3.8 ng/mL, respectively; inter-assay coefficients of variation of 11%, 

and 13% at 20.4, and 3.0 ng/mL, respectively.

2.6. Sleep and energy metabolism outcomes

BMI and waist circumference (WC), were used as surrogates for changes in energy 

metabolism. In addition, information regarding appetite and physical well-being were 

obtained through the Health Quality of Life (QOL) domain within the Utian Quality of Life 

Scale. The Utian Quality of Life Scale incorporates sense of well-being into an assessment 

tool that is specific to the menopausal population [17]. To address changes in sleep quality, 

participants completed a questionnaire reporting menopausal insomnia symptoms over the 

last 3 months, ranking them on a 4-point numerical scale as none, mild, moderate or severe 

(0–3). BMI and WC were measured at baseline and at end of the intervention (48 months), 

and at 3 years following discontinuation of treatments (84 months). Health QOL responses 

were collected at baseline, at 18-, 36- and 48-months during study treatment, and at the three 

year discontinuation follow up visit (84 months). The insomnia severity scale was collected 

at baseline, 6 months, and then annually during study treatment.

Cintron et al. Page 4

Maturitas. Author manuscript; available in PMC 2017 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.7. Statistical analysis

Descriptive statistics are presented as median and interquartile range (IQR) for continuous or 

ordinal variables, and as mean and standard deviation or 95% confidence interval (CI) for 

measures of change over time. With the exception of OxA and leptin, within-subject changes 

in the response from baseline to 48 months (on-treatment period) and from 48 to 84 months 

(post-treatment period) are reported as the difference in means between initial and final 

measurements. Distributions of OxA and leptin were skewed toward large values, and for 

both outcomes the measure of response is reported as a fold change based on the ratio of 

geometric means of the initial and final measurements. Mean and 95% CI of the fold change 

were computed on logarithmic scale and transformed back to original scale using the antilog 

function. For OxA, health QOL and insomnia severity outcomes, the measures of change 

were refined so that all multiple repeated measurements during the on-treatment period 

could be used. Specifically, linear slopes via regression models fitted separately on each 

subject were obtained and used to estimate changes in OxA and in health QOL over each of 

the two periods (described in detail in the paragraph below). For insomnia severity score, 

changes from baseline were averaged over all on-treatment measurements for a given subject 

due to observation of non-linear trends. For all outcome data, the measures of change at 48 

and at 84 months were tested for significance within treatment groups using the Wilcoxon 

signed rank test, while the difference in changes between treatment groups was assessed 

with the Kruskal-Wallis test. Between-treatment comparisons were based on a 2 ° of 

freedom test that assessed if there were any differences among the 3 groups; individual pair-

wise comparisons were done only if the overall test revealed evidence of any difference (if P 
≤ 0.05).

For serially-collected responses of OxA, a two-stage longitudinal analysis was performed by 

first reducing these repeated measurements into a single measure of response per individual, 

and then using the response measure in a second step to test for a difference between 

treatments. For this, linear regressions of time vs. OxA were fitted separately for each 

woman (on as many as 5 measurements), from which the least squares slope was obtained 

and used to summarize that individual’s trend. OxA values were not normally distributed 

and were transformed to the natural logarithmic scale (with an additive correction factor of 

1) before performing this analysis to satisfy the linear modeling assumptions. Slopes from 

the on-treatment regressions were used to estimate the women’s predicted responses at 48 

months. The ratio of geometric means corresponding to the measurement at baseline and the 

prediction at 48 months was computed to express the fold change in OxA level during 

treatment. Similarly, the ratio of geometric means of 48-month predicted and 84-month 

measured values was used to estimate the fold change in OxA during the post-treatment 

period.

A secondary longitudinal analysis to assess treatment-related changes in OxA was 

performed using a linear mixed-effects model. All available repeated measurements during 

the combined on-treatment and post-treatment period (transformed to the natural logarithmic 

scale) were fitted as responses in the model, which was formulated with two separate linear 

slopes to describe the time-response profile. In particular, time since the start of treatment 

took the form of a piecewise linear function (single breakpoint set at the 48-month time 
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point) to delineate the on-treatment and post-treatment intervals. Group difference in linear 

trends of logarithmically-transformed OxA was determined by testing for a significant 

treatment-by-time interaction within each of the two intervals. Additional secondary 

analyses were performed to assess the relation between change in plasma OxA levels and 

changes in leptin, clinical biomarkers and self-reported sleep quality and health QOL scores, 

based on nonparametric Spearman’s rank correlation coefficient (rs). All data analyses were 

carried out with the statistical software package SAS, version 9.4 (SAS Institute, Cary, NC, 

USA).

3. Results

3.1. General characteristics

In the subset of KEEPS participants (n = 74), who came back three years after 

discontinuation of the study, the median age at randomization was 53 years with a median of 

19 months from menopause. Prior to randomization (baseline), clinical characteristics did 

not differ among the treatment groups (Table 1).

3.2. Effects of MHT on plasma OxA

Baseline plasma OxA did not differ among treatment groups (p = 0.127), with median (25th, 

75th percentiles) of 2.54 ng/mL (1.78, 4.29) in o-CEE, 4.03 ng/mL (3.56, 4.47) in t-E2 and 

3.24 ng/mL (2.22, 6.11) in PL. Based on a summary measure of linear trend of OxA during 

the MHT intervention, there was a significant increase in plasma levels of OxA in 

participants who were randomized to o-CEE (1.22-fold increase; P = 0.017; Fig. 1). 

Between-group comparison of changes in OxA during the on-treatment period demonstrated 

an overall difference among the 3 treatments (P = 0.015), with the increase in OxA in the o-

CEE group significantly higher than that in either the t-E2 (P = 0.033) or placebo (P = 

0.008) groups (Table 2).

At three years after study completion, there was no significant post-treatment change in 

plasma OxA levels within any of the treatment groups (Fig. 1), nor was there a difference in 

changes in OxA levels among groups (P = 0.537; Table 2). Secondary analysis based on a 

repeated measures mixed effects model formulated with two within-interval time slopes also 

showed a group difference in on-treatment trend (P = 0.016 from testing interaction between 

treatment group and time) and no significant group difference in post-treatment trend (P = 

0.312).

3.3. Effects of MHT on plasma leptin

In the subgroup of women (n = 51) with baseline measurements available, plasma values for 

leptin were similar across treatment groups (p = 0.799), [o-CEE, 19.0 ng/mL (12.8–37.1); t-

E2, 18.4 ng/mL (10.5–37.5); and PL, 16.3 ng/mL (11.8–38.3)]. In women who had 

measurements both at baseline and 48-month of study treatment(n = 49), changes in leptin 

were significant only within the group as a whole (1.20-fold increase; P = 0.003) with 

similar changes observed across treatment groups (o-CEE, 1.18-fold increase; t-E2, 1.20-

fold increase; and PL, 1.22-fold increase; between-group comparison, P = 0.921).
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Among 61 participants with paired measurements at 48 months of study treatment and 3 

years following discontinuation, there was no post-treatment change in leptin in this group 

as a whole (1.04-fold increase; P = 0.232) and no differences in change among treatments (P 

= 0.896). In addition, there was no correlation between changes in leptin and OxA at 48 

months (rs = −0.033, P = 0.822), or during the post-treatment period (rs = 0.183, P = 0.160).

3.4. Relationships of changes in plasma OxA and other outcomes

Between baseline and 48 months, BMI increased on average by 1.08 kg/m2 among women 

in the placebo group (P < 0.001), but did not significantly change among women in the o-

CEE or t-E2 groups. The overall difference among treatment groups in the 48-month change 

in BMI was significant (P = 0.007), and pair wise comparisons revealed that the average 

increase in women randomized to PL was greater than those with t-E2 (P = 0.015) or o-CEE 

(P = 0.005; Table 3). In the combined set of participants, there was no correlation between 

the changes in BMI and plasma OxA at 48 months (rs = 0.043, P = 0.725) or after 

discontinuation of study treatments at 84 months (rs = 0.120, P = 0.318). Changes in waist 

circumference during the active treatment period were not significantly different among 

treatment groups (P = 0.079), and were not associated with corresponding changes in plasma 

OxA (rs = 0.143, P = 0.251). Over the 3 years following study treatment, changes in waist 

circumference correlated with changes in OxA (rs = 0.248, P = 0.041) in the group as a 

whole but showed no group difference.

Baseline insomnia symptom scores and QOL scores of self-perceived health, relating to 

appetite and physical behavior, were comparable among groups. After four years of 

treatment, insomnia symptom scores improved on average by one-half point on the severity 

scale across all participants (mean change from baseline, −0.51 points; P < 0.001), but these 

changes did not differ between treatment groups (P = 0.612) nor did they correlate with 

changes in plasma OxA levels (rs = 0.069, P = 0.556). At 48 months, health QOL score 

decreased on average by 4.58 points in the group as a whole (P < 0.001), though this decline 

in QOL was not significantly associated with treatment group (P = 0.365) nor with changes 

in plasma OxA (rs = −0.207, P = 0.077). Similar results were found for post-treatment 

changes in health QOL, with no difference among prior treatment assignment (P = 0.896) 

and no significant correlation with changes in OxA (rs = −0.215, P = 0.072).

4. Discussion

This study evaluated plasma levels of OxA during (four years) and following (after three 

years) treatment with two formulations of MHT or placebo in recently menopausal women. 

As expected, changes in BMI were less in women randomized to MHT compared to 

placebo. However, OxA increased only in women randomized to o-CEE. Unexpectedly, 

these changes in BMI did not associate with changes in plasma OxA nor were changes in 

OxA associated with other outcomes (waist circumference, appetite/physical behavior, or 

insomnia scores). Only after discontinuation of study treatments did OxA associate with 

changes in WC. These results suggest that there may not be a direct effect of MHT on 

regulation of OxA and that intermediary processes may be inhibited by 17β estradiol or 

stimulated by metabolites of estrogen found in o-CEE. o –CEE contains more than 10 
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estrogen metabolites including, estrone, estrone sulfate, 17β-estradiol, and unique ring B 

unsaturated steroids, which have higher affinity for the estrogen receptor beta (ER-β) than 

classical estrogens [18].

Two prospective cohort studies that assessed the relationship of MHT and OxA reported 

conflicting results. In one study, median OxA levels were higher among post-menopausal 

women not taking MHT compared to those taking MHT or premenopausal controls [19]. In 

the second study, there were no differences in average plasma OxA levels in menopausal 

women who did and did not take MHT [20]. The differences in results between these two 

studies could be due to the different formulations of MHT (o-CEE plus norgestrel and E2 

plus drospirenone, respectively), different study populations and/or methodological used to 

measure OxA (radio-immuno and enzyme-immuno assay, respectively). In addition, both 

studies had a limited follow up period of 6 months compared to the present study of 4 years 

of treatment and 3 years of discontinuation of treatment.

OxA plasma concentrations reported in these studies prior to treatment varied from a mean 

of 2430 ng/mL (SD, 688 ng/mL) [19] to a median of 0.00065 ng/mL (IQR, 0.00043–

0.00109) [20], respectively. In comparison to these prior studies, the current study evaluated 

samples and outcomes from a randomized clinical trial, reducing the risk of selection bias 

inherent in cohort studies. The median baseline OxA across groups in the present study was 

3.64 ng/mL (range, 0.76–14.26); values that fall within the range reported in other studies. 

[21,22]

Higher levels of OxA were reported in patients with obstructive sleep apnea who 

experienced excessive daytime sleepiness when compared to patients with obstructive sleep 

apnea patients who did not experience daytime sleepiness [22]. Healthy men with disrupted 

sleep also had higher OxA levels than those without disrupted sleep [11]. In the present 

study, changes in OxA did not correlate with changes in self-reported severity of sleep 

disturbances. Associations with sleep apnea or narcolepsy remain inconclusive, as this study 

did not have a baseline assessment of either condition.

In previous studies, plasma OxA negatively correlated with plasma leptin in non-obese men 

and women [23]. However, in the present study, there was no association of changes in 

plasma OxA with changes in plasma leptin, nor with changes in metabolic markers (BMI 

and WC) other than a modest association with post-treatment changes in WC despite prior 

evidence of either an inverse or direct association between plasma OxA and metabolic risk 

factors [24,25]. These differences in results among studies may reflect differences in the 

ages of the populations, differences in comorbid conditions and the absence of stratification 

of results by sex.

In conclusion, the variability of OxA during menopause has not been explored in detail. To 

our knowledge, this is the first study to explore changes in OxA both during and after use of 

MHT. This is an important issue to consider, as studies have reported a greater frequency of 

sleep problems associated with age at discontinuation, type and duration of MHT [26,27]. 

Differences in various physiological parameters between o-CEE and t-E2 have been 

observed in women participating in KEEPS including differences in effects on lipids, 
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glucose metabolism [28], contents of vasoactive agents in circulating platelets [15], mood 

[29] and brain volumes [30]. Therefore, our results add to the accumulating evidence that 

various types of MHT are not equal and precision is required in discussing their efficacy 

relative to target outcome, mode of delivery, composition and dose.

Some evidence suggests that plasma OxA levels parallel plasma estradiol and leptin levels as 

they reflect physiological mechanisms that control energy balance [31]. It was not possible 

to provide a clear association with circulating levels of estradiol in the present study given 

the narrow range of estradiol at baseline and following treatment [32]. OxA increased only 

in the o-CEE group and further increases after discontinuation of treatment were not 

statistically significant. The mechanisms involved with these associations remain to be 

clarified. Furthermore, increases in OxA were dependent on the type of MHT, and did not 

correlate with any metabolic/sleep outcomes. Only after randomized treatment was 

discontinued did OxA correlate with WC. Given the literature on the relationship of sleep/

wakefulness and OxA and the sleep complaints during menopause, it was hypothesized that 

OxA would associate with sleep disturbances at menopause and decrease with MHT, but this 

was not observed. Therefore, further research understanding fluctuations of this peptide in 

women experiencing menopausal symptoms is necessary.

5. Limitations

This study has several limitations. First, the number of participants in each treatment group 

was small, and is a subset of women who participated in the original KEEPS. Second, the 

plasma concentrations of OxA are only an estimate of synthesis of this peptide in the brain 

with levels reported to be one fifth to one eighth of those measured in cerebral spinal fluid 

[5]. In addition, longitudinal assessments of OxA levels may not represent an appropriate 

temporal relationship to shorter term regulatory processes associated with energy 

metabolism. Third, KEEPS participants were healthy white women, and, therefore, the 

generalization of these results to other population of women with different sleep and energy 

metabolic risk factors may not be applicable. Fourth, sleep quality, eating and physical 

behavior were assessed using subjective, self-report methods at annual visits with a risk for 

recall bias. Fifth, sleep disorders such as obstructive sleep apnea were not assessed in 

KEEPS screening, with this respiratory sleep disorder having a significant impact on OxA 

independent of menopausal transition [22]. Finally, there was an absence of effect of MHT 

on overall sleep disturbance and appetite/physical behavior scores in this subset of 

participants, limiting the ability to study relationships between OxA and menopausal 

symptoms.
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Fig. 1. 
Trend analysis of Orexin-A across treatment groups from Baseline (t = 0) to 84 months 

using a two slope mixed model. Each individual line represents plasma OXA levels (ng/mL) 

from each study participant over time by treatment groups. Treatment exposure was from 

Baseline to 48 months with assessment following discontinuation of treatment at 84 months.
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Table 1

Baseline characteristics of participants by treatment assignment.

Variable PL (n = 31) t-E2 (n = 23) o-CEE (n = 20) P-value

Age (years)a 53.2 (51.8, 54.4) 53.1 (51.6, 54.6) 54.0 (52.0, 54.9) 0.463

Time from menopause (months)a 12.8 (10.3, 21.4) 18.4 (14.1, 28.6) 23.9 (17.9, 28.9) 0.066

Systolic blood pressure (mmHg) 121.5 (114.0, 128.0) 113.5 (104.0, 121.0) 120.5 (111.2, 130.2) 0.135

Diastolic blood pressure (mmHg) 76.0 (70.0, 82.0) 72.5 (65.5, 77.0) 77.5 (70.2, 82.5) 0.078

Total cholesterol (mg/dL) 217.0 (200.0, 232.0) 223.0 (202.0, 248.0) 208.5 (187.5, 236.0) 0.291

HDL Cholesterol (mg/dL) 58.0 (50.0, 65.0) 64.0 (53.0, 72.0) 60.0 (51.0, 71.5) 0.514

LDL Cholesterol (mg/dL) 135.8 (116.6, 152.8) 148.4 (108.4, 168.4) 128.5 (118.7, 149.1) 0.478

Triglyceride (mg/dL) 77.0 (64.0, 131.0) 83.0 (66.0, 115.0) 84.5 (57.0, 113.5) 0.915

Fasting Blood Glucose (mg/dL) 90.0 (87.0, 97.0) 95.0 (88.0, 99.0) 87.5 (81.5, 96.0) 0.064

Body mass index (kg/m2) 25.9 (24.6, 30.9) 26.3 (21.6, 30.6) 27.2 (24.5, 31.8) 0.550

Waist Circumference (cm)b 85.0 (77.0, 92.0) 81.0 (72.0, 93.0) 83.0 (75.0, 92.0) 0.596

Health Quality of Lifeb 25.0 (21.0, 29.0) 26.0 (24.0, 29.0) 28.0 (23.5, 30.0) 0.416

Insomnia Severity 1 (0, 1) 1 (0, 2) 1 (0, 2) 0.791

Data presented as median (25th, 75th percentiles); P-value from Kruskal-Wallis test.

Abbreviations: PL, placebo; t-E2, transdermal; o-CEE, oral; HDL, High density lipoprotein; LDL, low density lipoprotein.

a
Participants age and time since menopause measured at the time of their KEEPS study randomization.

b
One subject was missing a baseline measurement for waist circumference, and 2 subjects had no baseline domain score of health Quality of Life 

available.
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