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Context: Controlled, blinded studies of sex-hormone replacement in postmenopausal women using
natural estradiol (E2) and native progesterone (P) are few.

Objective: To delineate the effect of E2 alone or with P on lipids and inflammatory markers.

Design: A placebo-controlled, double-masked, prospectively randomized study of 40 healthy, post-
menopausal volunteers assigned to four treatment groups: placebo, intramuscular E2, and/or mi-
cronized oral P for 23 (62) days.

Results: Treatment with E2 alone compared with placebo lowered total cholesterol (TC; P = 0.006),
non–high-density lipoprotein cholesterol (nonHDL-C; P = 0.004), low-density lipoprotein cholesterol
(LDL-C; P = 0.012), and apolipoprotein B (Apo B; P = 0.02) levels, and raised HDL-C levels (P = 0.03 vs
the 3 other groups). Conversely, addition of P to E2 reduced HDL-C levels (P = 0.015). Triglyceride
concentrations manifested no effect on E2 or P. High-sensitivity C-reactive protein (hsCRP) level was
highest in women with E2 and P replacement (P = 0.018 vs placebo). Leptin and IL-6 concentrations did
not vary. P treatment decreased adiponectin levels (P = 0.019). Serum E2 levels correlated linearly with
TC, LDL-C, nonHDL-C, Apo B (all negatively), and SHBG (positively) concentrations. P level correlated
negatively with TC (P = 0.029), HDL-C (P = 0.002), and adiponectin (P = 0.002) levels.

Conclusion: In this study, there were individual and interactive effects of E2 and P on key lipids in
postmenopausal individuals.
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Menopause greatly affects mental and physical health, due to associated hot flushes, urinary
symptoms, anxiety, depression, insomnia, osteoporosis, and cardiovascular disease [1].
Whereas premenopausal women are protected from coronary artery disease compared with
age-matched men, this advantage rapidly declines after the onset of menopause [2]. Indeed,
menopause is associated with the emergence of a less favorable lipid profile, including in-
creased concentrations of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-
C), and decreased levels of high-density lipoprotein cholesterol (HDL-C). In particular, the
premenopausal sex-steroid milieu is considered more favorable to lipids [3]. Moreover, in
postmenopausal individuals, estrogen replacement may improve certain aspects of the lipid

Abbreviations: Apo B, apolipoprotein B; CRU, clinical research unit; CV, coefficient of variance; E2, natural estradiol; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive
protein; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein a; P, natural progesterone; TC, total cholesterol; TG,
triglyceride.

Received 2 May 2018
Accepted 11 June 2018
First Published Online 14 June 2018

July 2018 | Vol. 2, Iss. 7
doi: 10.1210/js.2018-00073 | Journal of the Endocrine Society | 794–805

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1210/js.2018-00073


profile, depending on dose, duration, and route of administration (i.e., oral, transdermal,
other), and choice of estrogen and/or accompanying progestin [4].

Unopposed estrogen administration in women who have not undergone hysterectomy is
undesirable in view of the risk of endometrial hyperplasia and possible carcinoma, prompting
the addition of various synthetic progestins. However, synthetic progestins have variable
intrinsic androgenicity and may oppose otherwise favorable estrogen effects [5]. Progestins
derived from 19-nortestosterone have androgenic properties and thus commonly suppress
HDL [6, 7]. On the other hand, natural progesterone (P) and 17-hydroxyprogesterone de-
rivatives have low intrinsic androgenicity. Despite these confounding concerns, few studies
have evaluated the lipid effect of natural P administered to mimic physiologic sex-steroid
variations [8, 9]. Likewise, few investigations have used IM delivery of natural estradiol (E2),
which would circumvent the first pass effect of oral E2, which may exert distinct effects on
blood clotting, lipids, and inflammatory markers [10–12].

Wemeasured concentrations of lipids, lipoproteins, and inflammatorymarkers to appraise
the actions of native gonadal hormone on cardiovascular risk motifs without confounding by
synthetic progestins and nonphysiological oral or transdermal estrogen delivery. The end
points of this study were the influence of E2 on the lipid profile and inflammatory markers,
and the modulating effect of P.

1. Material and Methods

A. Subjects

A total of 40 healthy, ambulatory, community-dwelling postmenopausal women, clinically
defined by E2 level ,50 pg/mL and FSH .30 IU/L, within the allowable age range of 50 to
80 years participated in the overnight clinical research unit (CRU)-based study. Volunteerswere
recruited by newspaper advertisements, local posters, the Mayo Clinical Trials Center Web
page, and community (general and minority) bulletin boards. The design of the study was a
placebo-controlled, double-masked, prospectively randomization assignment to four hormone
treatment groups (1) saline placebo IM and oral placebo, (2) saline placebo IM and oral
micronized P, (3) E2 valerate IM and oral placebo, and (4) E2 valerate IM and oral micronized
P. The treatment paradigm comprised the following: day 1, IM E2 valerate 2.4 mg or saline
placebo 0.12 mL administration during an outpatient visit; day 10 (62 days), IM E2 valerate
5 mg or saline placebo, plus oral micronized P 100 mg or oral placebo three times daily for
14 days (62 days). At day 23 (62 days), subjects were admitted to the CRU at 5:00 PM and
received a prescribed metabolic study meal consisting of 8 kcal/kg of 50% carbohydrate, 20%
protein, and 30% fat at 1900 hours. They remained fasting until the end of the study at
10:00 AM the following morning. Breakfast was offered after 10:00 AM before discharge
from the CRU. Volunteers were allowed to sleep during the overnight sampling window.
This comprised blood sampling every 10 minutes during 12 hours overnight, starting at
10:00 PM.

The study was designed to address whether E2 and/or P amplifies GH secretion and affects
lipid concentrations and inflammatory markers. Hormones and peptides were measured in
the fasting blood sample obtained at 8:00 AM. The GH results will be reported elsewhere. At
the end of the CRU study, subjects in the E2-only group received medroxyprogesterone
acetate 5 mg capsules (in blinded fashion) taken orally for 10 days, whereas women enrolled
in the other groups received placebo oral capsules for 10 days.

The protocol was approved by Mayo Institutional Review Board. Witnessed voluntary
written informed consent was obtained before study enrollment. A complete medical history,
physical examination, and results of screening tests of hematological, renal, hepatic, met-
abolic, and endocrine function were normal. Subjects underwent a single-slice CT of the
abdomen, level L3-4, as an exploratory test of the affect of relative visceral obesity on GH and
lipid responses. E2 valerate was obtained from PharmaForce (New Albany, OH) and mi-
cronized P from Akorn (Lake Forest, IL).
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B. Exclusion Criteria

Exclusion criteria were acute or chronic systemic diseases; HIV positivity by medical history;
anemia; endocrine disorders (except hypothyroid subjects who were biochemically euthyroid
on replacement therapy); psychiatric illness; alcohol or drug abuse; deep-venous or arterial
thromboses; cancer of any type (except localized basal or squamous cell cancer of the skin
treated surgically without recurrence); recent use (within 2 months) of estrogen, progestin,
anabolic steroids or glucocorticoids; history of stroke, myocardial infarction, or angina;
clinically significant ECG abnormality as determined by study team physicians; allergy to
medications used in the study; significant recent weight change (defined as loss or gain of$6
pounds over 6 weeks); transmeridian travel (exceeding three time zones within the preceding
3 weeks); current or recent night-shift work; abnormal renal, hepatic, or hematologic
function; concomitant sex-hormone replacement; and unwillingness to provide written
informed consent.

C. Assays

TC, triglyceride (TG), and HDL-C levels were measured using the Roche Cobas c311
Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN) with interassay coefficients of
variance (CVs) of 2.2%, 0.8%, and 0.6% at 249 mg/dL, 178 mg/dL, and 51 mg/dL, respectively.
LDL-C was calculated by the Friedewald equation. Apolipoprotein B (Apo B) was measured
immunoturbimetrically on the Hitachi Chemistry Analyzer (Hitachi High-Technologies,
Tokyo, Japan) using the DiaSorin Apo B SPQ II Reagent Set (DiaSorin, Stillwater, MN)
with an interassay CV of 4% at 94 mg/dL. Lipoprotein a [Lp(a)] was measured by a tur-
bidmetric immunoassay on the Roche Cobas c311 Chemistry Analyzer. The interassay CV
was 4.3% at 21 mg/dL. IL-6 was measured by a high-sensitivity, two-site, enzyme-linked
immunoassay fromR&DSystems (Minneapolis,MN). The interassay CVwas 3.6% at 3.88 pg/mL.
Leptin and adiponectin were measured by specific immunoassays kits (Linco Research, St
Louis, MO). The interassay CVs were 11% and 4.7% at 20.4 ng/mL and 29.9 ng/mL, re-
spectively. High-sensitivity C-reactive protein (hsCRP) was measured by a high-sensitivity
immunoturbimetric assay on the Roche Cobas c311 Chemistry Analyzer. The interassay CV
was 1.7% at 0.17 mg/dL.

The following hormones and peptides were measured in the 8:00 AM fasting blood spec-
imen: estrone, E2, and total testosterone, using liquid chromatography-tandem mass spec-
trometry (Agilent Technologies, Santa Clara, CA). Intraassay CVs were as follows: estrone,
12% at 0.25 pg/mL and 7.4% at 30 pg/mL; E2, 10.8% at 0.29 pg/mL and 5.1% at 32 pg/mL;
testosterone, 8.9% at 0.69 ng/dL, 4.0% at 45 ng/dL, and 3.5% at 841 ng/dL. P was measured
by a two-site immunoenzymatic sandwich assay on the Roche Cobas e411 (Roche Di-
agnostics). Intraassay CVs were 4.8%, 2.2%, and 1.8% at 0.474, 8.26, and 28.5 ng/mL, re-
spectively. SHBG was quantified by solid-phase chemiluminescent assay on the Siemens
Immulite 2000 Automated Immunoassay System (Siemens Healthcare Diagnostics, Deer-
field, IL). Intraassay CVs for SHBG were 4.0% at 5.4 nmol/L and 5.9% at 74 nmol/L. Insulin
wasmeasured by a two-site immunoenzymatic sandwich assay on the Roche e411. Intraassay
CVs were 3.3%, 2.8%, and 2.5% at 18, 61, and 172mU/L, respectively. Prolactin, FSH, and LH
were measured by two-site chemiluminescent sandwich immunoassays on a DXL 800 au-
tomated immunoassay system (Beckman Instruments, Chaska, MN). For prolactin, the
intraassay CVs were 3.7%, 2,1%, and 4.8% at 6.1, 16.4, and 34.5 mg/L, respectively. For FSH,
the interassay CVs were 3.6%, 3.2%, and 4.7% at 6.5, 16.7, and 58.0 IU/L, respectively. For
LH, CVs were 9.3%, 6.0%, and 6.0% at 1.4, 15.6, and 48.8 IU/L, respectively.

D. Statistics

Data were analyzed by ANOVA for the four randomly assigned treatment groups. Post hoc
testing was mainly restricted to comparisons between E2(+) and E2(2) subjects, and between
P(+) and P(2) subjects as prestated hypotheses. Age and visceral fat mass were covariates in
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all statistical analyses. In case of nonnormal distribution, the Kruskal-Wallis test was used.
This was followed by the Dwass-Steel-Critchlow test for pairwise comparisons. Linear re-
gression analysis was applied to identify concentration-dependent effects of P and/or E2 after
correcting for age and visceral fat area. Calculations were performed with Systat 13
(Systat Software, San Jose, CA). P , 0.05 was considered statistically significant for the
overall study.

2. Results

Demographic and hormonal data of the four groups of women at the screening visit are listed
in Table 1. By ANOVA, the four groups were strictly comparable, including parameters of
body composition, mean age, and serum concentrations of hormones and binding proteins.
Table 2 lists the effects of E2 and/or P and/or placebo treatment on hormone levels. Dif-
ferences in estrone, LH, FSH, and prolactin concentrations were related to E2 replacement
only (P values between E2 (+) vs E2 (2) subjects all ,0.0001). P had no additional effect on
these measures. No effects were observed on glucose homeostasis parameters.

The effects of hormone treatment on lipids and inflammation markers are summarized in
Table 3. TG concentrations were comparable in the four groups without any effect of IM E2

and/or oral P. E2 caused a decrease in TC (P = 0.006). HDL-C concentration was highest in the
E2-only treatment group (P = 0.03 vs the three other groups). Addition of P to E2 caused a
significant decrease in HDL-C level (P = 0.015). Apo B level was lower in women treated with
E2 than in those with unreplaced E2 (P = 0.02). The concentration of hsCRP was highest in
women with E2 plus P replacement compared with women treated with double placebo (P =
0.031). Leptin, Lp(a), and IL-6 concentrations were similar among the four groups. The
addition of P with or without E2 decreased adiponectin levels (P = 0.019).

In regression analyses, E2 level correlated negatively with TC, Apo B, LDL-C, and
nonHDL-C levels, but positively with that of SHBG (Fig. 1). Serum P concentrations cor-
related negatively with those of TC (P = 0.029), HDL-C (P = 0.002), and adiponectin (P =
0.002; Fig. 2). In addition, adiponectin correlated negatively with abdominal visceral fat
[R =20.45; b =231.06 10.0 (mean6 SD)], but not with total fat (R = 0.19; P = 0.25), E2 (R =
0.006; P = 0.97), or SHBG (R = 0.27; P = 0.09). No correlations were present between con-
centrations of E2 and TGs (R = 0.22), Lp(a) (R = 0.07), Apo B (R = 0.19), leptin (R = 0.01), IL-6

Table 1. Demographic Data at the Start of the Study

Plac + Plac Plac + P E2 + Plac E2 + P ANOVA P Value

Age, y 61 6 2 63 6 2 63 6 2 65 6 1 0.48
BMI, kg/m2 25.6 6 1.5 26.8 6 1.7 25.5 6 0.9 24.9 6 1.3 0.81
Visceral fat, cm2 89 6 18 99 6 25 90 6 15 86 6 13 0.97
Total fat, cm2 313 6 51 311 6 60 325 6 47 300 6 33 0.99
E2, pg/mL 23.6 6 1.4 23.3 6 1.7 23.5 6 1.5 23.5 6 1.5 0.99
P, ng/mL 0.32 6 0.04 0.27 6 0.03 0.39 6 0.06 0.26 6 0.03 0.19
Testosterone, ng/dL 13.7 6 1.7 14.5 6 1.6 17.5 6 1.6 23.7 6 1.8 0.34
LH, mU/L 37 6 4 32 6 5 32 6 5 31 6 3 0.77
FSH, mU/L 74 6 5 88 6 12 78 6 7 73 6 7 0.56
SHBG, nmol/L 55 6 7 54 6 7 61 6 7 72 6 8 0.30
TSH, mU/L 3.66 6 0.69 3.58 6 0.47 2.75 6 0.39 2.92 6 0.31 0.48
Cortisol, mg/dL 12.6 6 1.3 10.9 6 0.7 12.6 6 0.9 12.5 6 1.2 0.64
Prolactin, mg/L 9.1 6 1.1 10.7 6 1.7 10.5 6 1.2 9.8 6 1.9 0.78
IGF-I, mg/L 124 6 8 123 6 8 133 6 12 110 6 18 0.78
IGFBP1, mg/L 3.02 6 0.47 2.36 6 0.37 3.05 6 0.47 3.93 6 0.90 0.35
IGFBP3, mg/L 4.05 6 0.25 3.98 6 0.33 4.03 6 0.19 3.41 6 0.25 0.25
TGs, mg/dL 116 6 14 87 6 10 97 6 13 96 6 12 0.43

Data are given as mean 6 SEM.
Abbreviations: BMI, body mass index; IGFBP, like growth factor-binding protein; Plac, placebo.
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(R = 0.06), and hsCRP (R = 0.18). NonHDL-C concentration correlated positively with that of
leptin (P = 0.013; Supplemental Table 1). Homeostatic model assessment of insulin resistance
(HOMA-IR) correlated with body fat and SHBG, specifically visceral fat [b = 0.008 6 0.00
(mean 6 SD); P , 0.0001] and SHBG [b = 20.008 6 0.003 (mean 6 SD); P = 0.011], but not
with lipids in these healthy women.

3. Discussion

In this placebo-controlled, prospectively randomized, and doubly masked study, we in-
vestigated the separate and combined effects of parenteral E2, natural P, and/or placebo on
lipids, lipoproteins, adipokines (i.e., leptin and adiponectin), inflammatory markers (i.e.,
hsCRP and IL-6), and several basic liver-derived, estrogen-responsive proteins in post-
menopausal women. A comparable study design has not been used before to our knowledge.
There were no dropouts among or serious adverse effects in the volunteers. Sex-hormone

Table 2. Selected Hormone Levels During the Experiment

Plac + Plac Plac + P E2 + Plac E2 + P ANOVA

LH, mU/L 27 6 2 22 6 2 6.0 6 1.0 3.5 6 1.0 ,0.0001
FSH, mU/L 65 6 5 69 6 6 18 6 2 9.0 6 2.1 ,0.0001
E1, pg/mL 16 6 3 12 6 2 50 6 6 33.8 6 5.4 ,0.0001
E2, pg/mL 3.8 6 0.7 3.3 6 0.6 99 6 16 88 6 13 ,0.0001
P, ng/mL 0.2 6 0.0 10.1 6 1.0 0.2 6 0.0 20.3 6 3.1 ,0.0001
Prolactin, mg/L 9.7 6 0.7 10.4 6 1.3 19.5 6 2.4 17.3 6 2.1 0.0001
Cortisol, mg/dL 13.0 6 1.1 11.3 6 1.2 12.5 6 1.3 11.1 6 1.6 0.67
SHBG, nmol/L 46 6 6 47 6 7 85 6 9 93 6 10 ,0.0001
Insulin, mU/L 6.2 6 1.0 6.8 6 1.1 5.2 6 0.8 5.3 6 1.2 0.56
Glucose, mg/dL 89 6 2 91 6 2 88 6 4 87 6 3 0.66
HOMA-IR 1.58 6 0.27 1.96 6 0.39 1.34 6 0.23 1.81 6 0.43 0.49

Data are given as mean6 SEM. The effects on E1, LH, FSH, prolactin, and SHBG are related to E2 administration.
P , 0.0001 for comparison of E2 (+) vs E2 (2) for these five hormones.
Abbreviations: E1, estrone; Plac, placebo.
aP , 0.05.

Table 3. Lipid, Lipoprotein, and Inflammation Markers in Postmenopausal Volunteers

Plac + Plac Plac + P E2 + Plac E2 + P Treatment P Value

Adiponectin, ng/mL 13,400 6 1190 10,530 6 1170 12,520 6 1400 10,270 6 770 0.089
Leptin, ng/mL 31.7 6 8.2 36.4 6 9.5 35.2 6 6.7 44.9 6 8.8 0.30
TGs, mg/dL 154 6 19 148 6 14 126 6 12 129 6 20 0.53
TC, mg/dL 199 6 9 192 6 8 180 6 7 164 6 7.9 0.02
HDL-C, mg/dL 56 6 4 50 6 3.7 62 6 5 47 6 4 0.06
LDL-C, mg/dL 112 6 8 112 6 8 92 6 7 91 6 8 0.08
NonHDL-C, mg/dL 143 6 10 142 6 8 117 6 7 116 6 8 0.04
Apo B, mg/dL 0.90 6 0.05 0.93 6 0.05 0.77 6 0.05 0.80 6 0.07 0.13
Lp(a), mg/dL 17.7 6 7.6 22.3 6 5.5 29.5 6 8.5 19.3 6 8.3 0.60
hsCRP, mg/dL 0.16 6 0.08 0.079 6 0.024 0.186 6 0.036 0.333 6 0.114 0.018a

IL-6, pg/mL 3.7 6 0.9 2.9 6 0.6 4.5 6 1.0 5.4 6 1.2 0.46

Data are mean6 SEM. In the analysis of covariance, age and visceral mass were covariates.TC, HDL-C, LDL-C, and
nonHDL-Cwere lower in women receiving E2 treatment than in thosewithout E2 replacement (post hoc P = 0.006,P =
0.01, P = 0.012, and P = 0.004, respectively). The addition of P to E2 decreased HDL-C concentration (P = 0.019).
Adiponectin levels were lower during P treatment (P = 0.019).
Abbreviation: Plac, placebo.
aBecause of nonnormality of hsCRP data, the Kruskal-Wallis test was used with post hoc contrasts. The hsCRP
concentration in women treated with E2 and P was higher than in placebo-treated women (P = 0.018).
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Figure 1. Linear regressions of TC, LDL-C, Apo B, and nonHDL-C on serum E2

concentrations. Linear regressions were calculated with the inclusion of visceral fat
area and age as variables. P and b values are adjusted for these covariates.
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Figure 2. Linear regressions of TC, HDL-C, and adiponectin on serum P concentrations in
40 postmenopausal women. Linear regressions were calculated with the inclusion of visceral
fat area and age as variables. P and b values are adjusted for these covariates.
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doses successfully mimicked E2 and P concentrations in the luteal phase of the menstrual
cycle in healthy young women [13]. Furthermore, and essential to the study design, baseline
demographic, lipid, and endocrine data prior to intervention were quantifiably comparable
among the four subject cohorts. E2 supplementation led to well-known effects on serum
SHBG, prolactin, insulin-like growth factor-binding protein 3, and gonadotropin concen-
trations (positive controls). This establishes adequacy of E2 administration to regulate well-
established physiological end points.

In accordance with earlier reports, E2 treatment (given IM in this study to avoid first-pass
liver effects) decreased TC concentration [8, 9, 14–17]. The addition of natural P in a daily oral
dose of 300 mg did not block the TC-lowering effect of E2, in line with earlier findings [17–20].
In other studies, P did not attenuate the favorable effect of E2 on endothelium-dependent
vasodilatation [21]. The E2 effect in our studywas corroborated by the negative linear relation
between serum E2 and TC (as well as LDL, nonHDL-C, and Apo B) concentrations. However,
data indicate that when other progestins are used, the cholesterol-lowering effect of E2 may
be blocked, putatively depending on the intrinsic androgenic properties of the P analog [6, 7].
Parental E2 supplementation caused the well-established increase in HDL-C concentration.
This effect seems common to all estrogens, but the degree of effect depends on the dose, the
chemical structure of the estrogen, and its route of administration, being generally greater
after orally administered estrogens [6, 7]. Natural P in our study achieved serum concen-
trations typically found in the luteal phase of the normal menstrual cycle [13]. Under these
conditions, P caused a concentration-dependent decrease in serumHDL-C concentrations, as
several other scattered reports suggested [6, 9, 22], albeit not in two other studies [9, 23].

Although the molecular mechanisms of E2 action on liver lipid metabolism have been
investigated, those of P are not well studied. Estrogen receptor is widely expressed in many
tissues, but nuclear receptors for P are limited to female reproductive organs, the pituitary
gland, and brain. Such data do not necessarily exclude effects of P on lipids and inflammatory
markers via membrane-associated receptors, which are also preset in nonreproductive tis-
sues, including the liver [24]. The reported nonspecific effects of synthetic progestins, on the
other hand, are likely mediated via the androgen, glucocorticoid, and/or mineralocorticoid
receptors [7].

Although TGs tended to be lower in women treated parenterally with E2, the differences
were not significant, and there was no influence of P on TGs in either women with deprived of
or supplemented with E2. Earlier studies of TG changes during combined sex-hormone
treatment found either no effect, decreases [25], or increases in TG concentrations [8, 14]. A
common feature of those studies was that the estrogen (either conjugated equine estrogen or
E2) was given orally. One study did not report the medication route [26]. In contrast, con-
tinuous transdermal E2 administration, with or without medroxyprogesterone, decreased
TGs in another study [27]. Overall, these results suggest that the route of estrogen ad-
ministration in part determines TG levels [6].

Important independent predictors of cardiovascular disease are Apo B and Lp(a) [22]. In
the present study, there was a clear negative linear relation between serum Apo B and E2

concentrations. During combined treatment with estrogen and synthetic progestins, several
but not all prior studies reported decreased Apo B levels [25, 28, 29]. Lp(a) was statistically
similar in the four studied groups. However, previous studies using oral estrogens generally
described a decrease in Lp(a) levels on treatment [30]. This was not the case in studies using
intranasal or transdermal routes [31, 32]. Unlike IM E2 injection used in our study, the oral
route exposes the liver to massively increased estrogen concentrations, which are not typical
of normal physiology of ovarian estrogen secretion into systemic blood.

E2 treatment was accompanied by increased levels of the nonspecific inflammatorymarker
hsCRP. The rise in hsCRP levels was mainly evident after addition of P to E2. This liver-
derived protein is an independent risk marker, albeit not a casual factor, for coronary artery
disease [33]. Similar results were noted in other studies whenE2was administered orally, but
not transdermally [12]. The discrepant behavior of several inflammatorymarkers during oral
estrogen replacement in postmenopausal women has raised the question whether change in
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hsCRP concentration in this context may be less an acute phase response than a metabolic
liver response [12]. In these cases, as well as in our study, IL-6 levels did not increase.
Concentrations of several other liver-derived inflammation markers have been shown to
decline during oral estrogen administration [10, 12, 34].

Leptin, adiponectin, and resistin are all proteins synthesized and secreted by adipose
tissue. Low serum adiponectin and high resistin levels are associated with prediabetes,
diabetes, and/or atherosclerosis [35]. During gonadal-hormone changes in the menstrual
cycle, adiponectin levels remain constant, in contrast to leptin and resistin levels, which, in
one study, rose during the luteal phase [36]. Another study reported a 15% decrease in
hormone replacement–associated adiponectin levels, which correlated negatively with the
change of the waist-hip ratio [37]. This was not observed in an independent investigation [38].
The change in body composition is a potential caveat in the interpretation of direct steroid
effects on adiponectin. Indeed, there is a positive correlation between waist girth and adi-
ponectin [39]. In the present study, we found a strong correlation between CT-estimated
visceral fat and adiponectin concentrations, explaining the mechanism of the waist effect.

As surrogate for insulin resistance, we used HOMA-IR. There was no deleterious effect of
E2 or P on this measure. In agreement with other data, there were strong linear correlations
betweenHOMA-IR and serum SHBG levels (inverse) and visceral fat (positive) in the present
cohort of 40 subjects.

NonHDL-C is a strong epidemiological marker of atherosclerosis risk, even in familial
hypercholesterolemia [40]. To our knowledge, the present analysis is the first to report an E2

concentration–dependent reduction of nonHDL-C in humans. We also found no opposing
effect of native P on the E2 effect. Our data allow the hypothesis that a late follicular phase
decrease of nonHDL-C concentration could be sustained across the luteal-phase rise in P level
in normal younger women after the preovulatory rise in E2 level [13]. This hypothesis re-
mains to be confirmed or refuted, because it was not evaluated in early menstrual-cycle
studies [3]. Likewise, whether recurrent lowering of nonHDL-C level summed across
menstrual cycles contributes to partial protection of youngerwomen comparedwithmen from
early atherosclerotic cardiovascular disease is not known, although it is suggested in the
analogous case of LDL-C lowering before and after ovulation. Indeed, if verified, menstrual
cycle–related changes in nonHDL-C concentration would need to be considered in screening
and monitoring nonHDL-C concentrations in health and disease.

The design of this study included an intentionally relatively short-term (i.e., 23-day)
hormone replacement because we wished to approach the follicular and luteal phase lengths
of about 14 days and we were particularly interested in more acute effects of sex steroids on
lipids and inflammation markers. In uncontrolled epidemiological studies, long-term effects
of sex-steroid administration over months can introduce confounding factors (e.g., changes in
lifestyle, body weight, physical activity, and/or body composition), which would secondarily
alter concentrations of lipoproteins and inflammatorymarkers. The present design limits the
interpretative confounding otherwise expected by significant shifts in body composition.

Limitations of the study include the relatively small number of subjects, which could have
limited statistical power, although the groups were balanced in clinical characteristics. In
this study, we relied on the differences in lipid and inflammation marker concentrations
between randomly and prospectively assigned treatment groups and not on the magnitude in
change from baseline levels. Although the latter approach could have strengthened weaker
outcomes of the study, it was not required here to see strong effects of both estrogen and P on
major lipids. In addition, in light of the results, the inclusion of additional circulating in-
flammatory markers could have strengthened this study.

Finally, in the design of the study, the IM route of E2 was chosen, which is rarely used in
clinical practice. Therefore, a head-to-head comparison with published clinical epidemio-
logical studies would have limitations. However, the physiological hormones chosen and the
significant results obtained (e.g., by regression of circulating E2 concentrations on LDL-C
concentrations in 20 women) should be quite useful for future sex-hormone studies. Strong
points of this study are the placebo-controlled, blinded, prospectively randomized design and
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the use of physiological sex hormones at physiological concentrations, thus avoiding
liver exposure to extremely high estrogen concentrations and/or systemic effects of
synthetic progestins.

In summary, near-physiological E2 concentrations decreased TC, Apo B, nonHDL-C, and
SHBG levels, but increased those of HDL-C and hsCRP and did not effect Lp(a), IL-6 and a
surrogate measure of insulin resistance. P treatment resulted in increased adiponectin and
hsCRP concentrations while decreasing those of TC and HDL-C. The P effect on HDL oc-
curred in the face of unchanged E2 concentrations, indicating a strong interaction.
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