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Abstract

Objective: We investigated whether estrone and sex hormone binding globulin (SHBG)
concentrations are associated with lipid concentrations in older postmenopausal women.

Methods: This was a cross-sectional study of 6358 Australian women, aged 70-95 years,
recruited between 2010 and 2014. Associations between estrone and SHBG and lipid
concentrations were examined in participants not using medications that influence estrogen
concentrations or lipid-lowering therapy. Linear regression models included age, body mass index,
smoking, alcohol consumption, renal function and diabetes, with the lowest quartile (Q1) as the
reference for estrone and SHBG.

Results: The study included 3231 participants with median age of 74.0 (interquartile range
71.7-77.9) years. Estrone concentration Q3 and Q4 were positively associated with high-density
lipoprotein cholesterol (HDL-C) (p=0.017 and p = 0.046, respectively). Inverse associations were
seen for estrone Q4 with total cholesterol (p = 0.018), Q2 and Q4 with non-HDL-C (p = 0.045 and
p=0.002, respectively) and Q3 and Q4 with triglycerides (v = 0.030 and o= 0.001, respectively).
For SHBG, Q2, Q3 and Q4 were positively associated with HDL-C (all p< 0.001), and inversely
with non-HDL-C (all p=0.001) and triglycerides (all p < 0.001).
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Conclusions: Estrone and SHBG are associated with lipid concentrations in older women.
SHBG, but not estrone, may provide additional clinical predictive utility for the assessment of
cardiometabolic disease risk in older women.
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Introduction

Atherothrombotic cardiovascular disease (CVD) is the leading cause of morbidity and
mortality in postmenopausal women [1,2]. Risk factors include smoking, diabetes, elevated
blood pressure and dyslipidemia [3], with 47.1% of the population risk for myocardial
infarction in women attributed to hypercholesterolemia [4].

Estrogens have been implicated as potentially protective against CVD in postmenopausal
women [5]. The profound estrogen depletion seen in mouse models and in men with
aromatase gene mutations is associated with hyperlipidemia and premature atherosclerosis
[6,7]. Furthermore, exogenous estrogen therapy reduces blood low-density lipoprotein
cholesterol and increases high-density lipoprotein cholesterol (HDL-C) blood concentrations
in postmenopausal women with normal lipids, and with hypercholesterolemia [8,9]. Oral,
but not transdermal, estrogen therapy may elevate triglycerides (TG) [3,10]. In both normo-
lipemic and hypercholesterolemic postmenopausal women, estrogen therapy restores the
adverse effects of menopause on endothelial function [5,11].

Few studies have examined the associations between endogenous estrogens and lipid
concentrations in postmenopausal women. We previously reported no association between
estradiol measured by immunoassay and lipid levels in 624 postmenopausal women with a
mean age of approximately 54 years [12]. However, sex hormone binding globulin (SHBG)
concentrations were inversely associated with non-HDL-C and TG, and positively with
HDL-C concentrations [12]. The interpretation of the findings for estrogens in that study

is limited by the use of an immunoassay, which lacked sensitivity and precision for the
measurement of estradiol and estrone at the low concentrations seen after menopause [13].

With the exponential increase in CVD events with increasing age in women, the possible
contribution of estrogen to CVD risk in older women merits exploration. We have measured
estrogens and SHBG in the Sex Hormones in Older Women (SHOW) study, which was a
sub-study of the ASPREE (ASPirin in Reducing Events in the Elderly) study [13]. We now
report the associations between these variables and lipid concentrations in a large sample of
community-dwelling women aged 70 years and older.

Methods

Study design and participants

The SHOW study was a sub-study of a longitudinal, multicenter, randomized, double-
blinded, placebo-controlled trial of low-dose aspirin, the ASPREE study, which enrolled
19,114 participants, 16,703 in Australia, between 10 March 2010 and 31 December 2014.
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The participants in Australia were aged at least 70 years, and 9180 (55%) were female.

The details of the study design and the procedures for recruitment have been published
previously [14,15]. In short, Australian recruitment was by collaboration with more than
2500 general practitioners and participants were from the southern Australian states of
Victoria, South Australia, New South Wales, Tasmania and the Australian Capital Territory.

Exclusion criteria for the ASPREE study included known previous CVD events, atrial
fibrillation, serious illness likely to cause death within 5 years, a high risk of major bleeding,
anemia, an absolute contraindication or allergy to aspirin, current aspirin, antiplatelet drug
or anticoagulant use, systolic blood pressure =180 mmHg and/or diastolic blood pressure
>105 mmHg, impaired cognition [16] or severe difficulty in performing any of the six Katz
activities of daily living [17].

Ethical approval for the SHOW study was obtained from the Monash Human Research
Ethics Committee (CF16/10-2016000001) and the Alfred Hospital Human Research Ethics
Committee (616/15). The ASPREE trial was also approved by the each of the ethics
committees of the participating centers. Written informed consent was given by all
participants. The trial was registered with the International Standard Randomized Controlled
Trial Number Register (ISRCTN83772183) and ClinicalTrials.gov (NCT01038583).

Clinical measurements/parameters

All demographic data were recorded at randomization. Clinical measurements included
blood pressure, waist circumference, weight and height. Diabetes was defined as a fasting
plasma glucose concentration of at least 126 mg/dl (=7 mmol/l) or treatment of diabetes at
baseline [18]. Impaired renal function was defined as an estimated glomerular filtration rate
of less than 60 ml/min per 1.73 m2. Hypertension was defined as a blood pressure >140/90
mmHg or use of anti-hypertensive agents at study entry.

Biochemical measurements

At enrollment (or within 12 months), blood samples were taken and plasma kept under
nitrogen vapor. Estrone and estradiol were measured in a single plasma sample using liquid
chromatography—mass spectrometry in a single run without derivatization at the ANZAC
Research Institute, University of Sydney, Australia [19]. The assay limits of detection, limits
of quantification, and within-run and between-run coefficients of variation for estrone were
3.7 pmol/l, 11 pmol/l, 4.7% and 4.6—7.5%, and for estradiol were 11 pmol/l, 18 pmol/l, 6.6%
and 4.8-8.6%, respectively [20]. An automated immunoassay (Roche Diagnostics Australia)
was used to quantify SHBG in batches with a coefficient of variation ranging from 1.0% to
2.0% [21].

Measurement of total cholesterol, HDL-C and TG was undertaken by National Association
of Testing Authorities (NATA) Australia-approved laboratories convenient to the participants
and the results were provided to the ASPREE data team. Non-HDL-C, which measures the
total number of atherogenic particles, was calculated as total cholesterol minus HDL-C.
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Statistical analysis

Results

Participants were excluded from this analysis if they were using any of the following at the
time of recruitment: systemic or topical sex steroid therapy, tamoxifen, or other selective
estrogen receptor modulator, aromatase inhibitors, anti-androgen therapy, glucocorticoid
therapy or lipid-lowering medications. As more than 66% of the study participants had
estradiol concentrations below the assay limit of detection, analysis of associations between
estradiol and lipid concentrations was deemed inappropriate.

Descriptive statistics including the mean (+ standard deviation), median (interquartile
range), frequencies and percentages were used to describe the study population. The
normality of the outcome data was checked using a histogram, and TG values were
log-transformed as they were not normally distributed. For estrone and SHBG, medians
and inter-decile ranges were reported as descriptive statistics, while quartiles were used to
investigate the associations, and reported as the S-coefficient with 95% confidence interval
(CI.

A simple linear regression was employed to determine the unadjusted associations between
estrone, SHBG and each of the lipid concentrations. Multiple linear regression was
performed to adjust for factors potentially influencing lipid concentrations including age,
body mass index, smoking (current, former, never), alcohol consumption (current, former,
never), impaired renal function and diabetes. All statistical tests were two-sided, and p

< 0.05 was considered statistically significant. The analysis was performed using Stata
Version 17.0 (Stata Corporation, College Station, TX, USA). This manuscript was written in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
guidelines for observational studies [22].

Sufficient biobank samples for measurement of sex steroids and SHBG were available in
6358 study participants (Figure 1). Of these, 3231 participants, with a median age of 74.0
(interquartile range 71.7-77.9) years, were included in the analysis. Half (50.2%) were aged
70-74 years, and most (3207; 99.3%) were white/of European ancestry. The majority (2168;
67.3%) were overweight or obese, and 144 (4.5%) and 533 (17%) women had diabetes and
impaired renal function, respectively (Table 1).

Associations between estrone, SHBG and lipids

Multiple linear regression was undertaken with quartile 1 (Q1) as the reference (Table 2).
Higher estrone concentrations were statistically, significantly inversely associated with total
cholesterol (Q4 vs. Q1, S=-0.11, 95% CI —-0.19 to —0.02, p=0.018), non-HDL-C (Q2 vs.
Q1, B=-0.09, 95% CI -0.17 to —0.01, p=0.045; and Q4 vs. Q1, S=-0.14, 95% CI -0.23
to —0.05, p=0.002) and TG (Q3 vs. Q1, 8= —0.04, 95% CI —0.08 to —-0.01, p=0.030; and
Q4 vs. Q1, g=-0.07, 95% CI -0.11 to —0.03, p=0.001). Statistically significant positive
associations were seen for estrone and HDL-C (Q3 vs. Q1, 5= 0.05, 95% CI 0.01-0.09, p=
0.017; and Q4 vs. Q1, B=0.04, 95%, Cl 0.01-0.09, p = 0.046). Only 1% of the variation in
any lipid measured was explained by estrone.
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In the multiple linear regression analysis, there were no associations between SHBG
concentrations and total cholesterol. Statistically, significant inverse associations, compared
with Q1, were seen for SHBG and non-HDL-C (SHBG concentrations Q2, 5= -0.16, 95%
Cl -0.25t0 —0.07, p=0.001; Q3, 8=-0.15, 95% CI -0.24 to -0.06, p=0.001; and

Q4, f=10.28, 95% CI -0.37 to —0.18, p< 0.001). Similarly, statistically significant inverse
associations were seen for SHBG concentrations and TG (SHBG Q2, g=-0.14, 95% CI
-0.18 to —0.10, p< 0.001; Q3, 5=-0.21, 95% CI —0.25 to -0.17, p< 0.001; and Q4, B=
-0.31, 95% CI -0.34 to -0.27, p< 0.001).

SHBG concentrations were positively associated with HDLC (Q2, 8= 0.09, 95% CI 0.05-
0.14, p<0.001; Q3, S=0.15, 95% CI 0.11-0.19, p< 0.001; and Q4, 8= 0.21, 95% CI
0.16 to 0.25, p< 0.001). The proportions of the variation in HDL-C, non-HDL-C and TG
explained by SHBG were 6%, 2%, and 11%, respectively.

Discussion

This study shows that higher concentrations of each of estrone and SHBG are associated
with more favorable lipid concentrations in older Australian women. SHBG alone explained
as much as 6% of the variation in HDL-C and 11% of the variation in TG. Despite
statistically significant associations, estrone alone accounted for no more than 1% of the
variation in any of the measured lipids.

The production of estrone, together with estradiol, in postmenopausal women occurs in
peripheral tissues and is dependent on adrenal C19 steroid precursors [23,24]. In contrast to
the reproductive years, estrone is the main circulating estrogen in postmenopausal women,
with estradiol being primarily an intracellular hormone with intracrine and paracrine effects
[23]. Consequently, the majority of our study participants had estradiol concentrations
below the limit of detection [13,23]. This most probably explains why no associations
between serum estrogens measured by immunoassay and any lipid concentrations were
found in a study of younger postmenopausal women [12]. Highly relevant to this study, we
have shown circulating estrone to be a robust proxy for estradiol concentrations in older
postmenopausal women, and hence a marker of the overall estrogen milieu [25]. While the
highest estrone concentrations were statistically, significantly associated with more favorable
lipid concentrations in our study, the findings for total cholesterol and HDL-C should be
interpreted with caution in view of the multiple comparisons undertaken and it is noteworthy
that less than 1% of the variation in any of these lipid concentrations was attributable to
estrone. Consistent with this, we previously found no association between blood estrone
levels and the risk of ischemic cardiovascular events in older postmenopausal women [26].
Together these findings suggest that although the estrogenic milieu of older postmenopausal
women may influence lipid concentrations, and potentially also CVD risk, measurement of
estrone is not clinically useful because tissue concentrations provide only a crude estimate of
tissue effects [27]. However, the models that also included age, body mass index, smoking,
alcohol consumption, estimated glomerular filtration rate and diabetes explained 11% and
12% of the variation in HDL-C and TG, respectively, which is consistent with what has been
previously reported for younger postmenopausal women [12].
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In our study SHBG exhibited more robust independent associations with the lipids
measured, with the associations all in the same direction as estrone. Our findings

are consistent with previous studies that have reported a positive association between

SHBG and HDL-C and an inverse association between SHBG and TG [12,28]. There

are no studies with which to compare our finding for the inverse association between

SHBG and non-HDL-C. Non-HDL-C measures total atherogenic particles, including small
dense low-density lipoprotein, very-low-density lipoprotein cholesterol, intermediate-density
lipoprotein cholesterol and lipoprotein A, as well as low-density lipoprotein cholesterol. In
women with hypertriglyceridemia, non-HDL-C appears to be an important CVD risk marker
[29]. It is noteworthy that SHBG explained as much as 6% of the variation in HDL-C and
11% of the variation in TG.

Therefore, overall our findings support the hypothesis that SHBG has physiological effects
beyond being a carrier protein for sex hormones [30]. Low SHBG is an independent risk
factor for an adverse lipid profile in young women, and women at midlife, even after
accounting for other factors [12]. Low blood SHBG is an independent marker of insulin
resistance and is a risk factor for type 2 diabetes [31], and has been independently associated
with CVD risk [32-34]. Furthermore, a strong inverse association between SHBG and
diastolic blood pressure has been reported in postmenopausal women [35].

Study strengths include the large sample size, precise measurement of estrone by liquid
chromatography—mass spectrometry and exclusion of women taking medications that might
influence their estrogen concentrations. Our analysis necessitated exclusion of women
taking lipid-lowering therapy, which although a strength also limited the inclusion of
women with more severe lipid disorders, such as familial hypercholesterolemia. Women
with prior atherothrombotic cardiovascular events were excluded from the ASPREE study
and therefore also from this study.

The study participants were predominantly of European ancestry, consistent with the
composition of the Australian population of this age [36], limiting generalizability of our
findings to other ethnicities. The cross-sectional design of our study allows us to report
associations, but not causation.

Conclusions

Endogenous estrone and SHBG concentrations are significantly associated with lipid
concentrations in older women. Measurement of SHBG, but not estrone, may provide
additional clinical predictive utility for the assessment of cardiometabolic disease risk in
older women. This possibility merits further investigation.
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Data availability statement

After deidentification (i.e. text, tables, figures and Supplementary material), individual
participant data will be made available. On application, meta-data and a data dictionary

will be made available to others. The ASPREE study protocol is available on the ASPREE
website. The ASPREE trial statistical analysis plan is published elsewhere [37]. On request,
a copy of the clinical trial consent form can be made available. Requests for data access will
be via the ASPREE Principal Investigators, and details for applications provided through
SHOW sub-study data on sex hormones can be requested through this system with approval
by the corresponding author. Data will be made available to investigators whose proposed
use of the data, registered as a project through the ASPREE Access Management Site,

has been approved by a review committee. Access will be through a secure web-based

data portal (the ASPREE Safe Haven system), based at Monash University (Monash, VIC,
Australia).

References

[1]. Scarabin P-Y. Endogenous sex hormones and cardiovascular disease in postmenopausal women:
new but conflicting data. Ann Transl Med. 2018;6:23:448. [PubMed: 30603636]

[2]. Gorodeski Gl. Update on cardiovascular disease in post-menopausal women. Best Pract Res Clin
Obstet Gynaecol. 2002;16(3): 329-355. [PubMed: 12099666]

[3]. Rackley CE. Hormones and coronary atherosclerosis in women. Endocrine. 2004;24(3):245-250.
[PubMed: 15542892]

[4]. Rosengren A, Hawken S, Ounpuu S, et al. Association of psychosocial risk factors with
risk of acute myocardial infarction in 11 119 cases and 13 648 controls from 52 countries
(the INTERHEART study): case-control study. Lancet. 2004;364(9438): 953-962. [PubMed:
15364186]

[5]. Mendelsohn ME, Karas RH. The protective effects of estrogen on the cardiovascular system. N
Engl J Med. 1999;340(23):1801-1811. [PubMed: 10362825]

[6]. Maffei L, Murata Y, Rochera V, et al. Dysmetabolic syndrome in a man with a novel mutation of
the aromatase gene: effects of testosterone, alendronate, and estradiol. J Clin Endocrinol Metab.
2004;89:61-70. [PubMed: 14715828]

[7]. Jones ME, Thorburn AW, Britt KL, et al. Aromatase-deficient (ArKO) mice accumulate excess
adipose tissue. J Steroid Biochem Mol Biol. 2001;79(1-5):3-9. [PubMed: 11850201]

[8]. Walsh BW, Schiff I, Rosner B, et al. Effects of postmenopausal estrogen replacement on the
concentrations and metabolism of plasma lipoproteins. N Engl J Med. 1991;325(17):1196-1204.
[PubMed: 1922206]

[9]. Darling GM, Johns JA, McCloud P, et al. Estrogen and progestin compared with simvastatin
for hypercholesterolemia in postmenopausal women. N Engl J Med. 1997;337(9):595-601.
[PubMed: 9271481]

[10]. Rackley CE. Estrogen and coronary artery disease in postmenopausal women. Am J Med.
1995;99(2):117-118. [PubMed: 7625414]

[11]. Davis S, Goldstat R, Newman A, et al. Differing effects of low dose estrogen and
progestin replacement therapy and pravastatin in hypercholesterolemic postmenopausal women.
Climacteric. 2002;5(4):341-350. [PubMed: 12626213]

[12]. Worsley R, Robinson PJ, Bell RJ, et al. Endogenous estrogen and androgen levels are not
independent predictors of lipid levels in postmenopausal women. Menopause. 2013;20(6):640—
645. [PubMed: 23531683]

[13]. Davis SR, Bell RJ, Robinson PJ, et al. Testosterone and estrone increase from the age of 70
years; findings from the sex hormones in older women study. J Clin Endocrinol Metab. 2019;
104(12):6291-6300. [PubMed: 31408149]

Climacteric. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Azene et al.

[14].

[15].
[16].
[17].
[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].
[30].
[31].
[32].

[33].

[34].

Page 8

Robman LD, Guymer RH, Wolfe R, et al. Baseline characteristics and age-related macular
degeneration in participants of the “ASPirin in Reducing Events in the Elderly”(ASPREE)-AMD
trial. Contemp Clin Trials Commun. 2020;20:100667. [PubMed: 33210016]

Group Al. Study design of ASPirin in reducing events in the elderly (ASPREE): a randomized,
controlled trial. Contemp Clin Trials. 2013;36(2):555-564. [PubMed: 24113028]

Teng E, Chui H. The modified mini-mental state examination (3MS). Can J Psychiatry.
1987;41(2):114-121.

Katz S, Akpom CA. A measure of primary sociobiological functions. Int J Health Serv.
1976;6(3):493-508. [PubMed: 133997]

Wolfe R, Murray AM, Woods RL, et al. The aspirin in reducing events in the elderly trial:
statistical analysis plan. London (UK): SAGE Publications; 2018.

Harwood DT, Handelsman DJ. Development and validation of a sensitive liquid
chromatography-tandem mass spectrometry assay to simultaneously measure androgens and
estrogens in serum without derivatization. Clin Chim Acta. 2009;409(1-2): 78-84. [PubMed:
19747904]

Hsu B, Cumming RG, Hirani V, et al. Temporal trend in androgen status and androgen-sensitive
outcomes in older men. J Clin Endocrinol Metab. 2016;101(4):1836-1846. [PubMed: 26918290]

Davis SR, Bell RJ, Robinson PJ, et al. Testosterone and estrone increase from the age of 70
years: findings from the sex hormones in older women study. J Clin Endocrinol Metabol. 2019;
104(12):6291-6300.

Vandenbroucke JP, Ev E, Altman DG, et al. Strengthening the reporting of observational studies
in epidemiology (STROBE): explanation and elaboration. Ann Intern Med. 2007;147(8):W-163—
W-194. [PubMed: 17938389]

Simpson ER, Davis SR. Minireview: aromatase and the regulation of estrogen biosynthesis—some
new perspectives. Endocrinology. 2001;142(11):4589-4594. [PubMed: 11606422]

Labrie F, Belanger A, Luu-The V, et al. DHEA and the intracrine formation of androgens and
estrogens in peripheral target tissues: its role during aging. Steroids. 1998;63(5-6):322-328.
[PubMed: 9618795]

Davis SR, Martinez-Garcia A, Robinson PJ, et al. Estrone is a strong predictor of circulating
estradiol in women age 70 years and older. J Clin Endocrinol Metab. 2020;105(9):e3348—3354.
[PubMed: 32614391]

Islam RM, Bell RJ, Handelsman DJ, et al. Associations between blood sex steroid concentrations
and risk of major adverse cardiovascular events in healthy older women in Australia: a
prospective cohort substudy of the ASPREE trial. Lancet Healthy Longev. 2022;3(2):e109-e118.
[PubMed: 35252940]

Laurentino S, Pinto P, Correia S, et al. Structural variants of sex steroid hormone receptors in
thetestis: from molecular biology to physiological roles. OA Bioctehnol. 2012;1(2):4.

Bell RJ, Davison SL, Papalia M-A, et al. Endogenous androgen levels and cardiovascular

risk profile in women across the adult life span. Menopause. 2007;14(4):630-638. [PubMed:
17224854]

Bittner VV Non-high-density lipoprotein cholesterol: an alternate target for lipid-lowering therapy.
Prev Cardiol. 2004;7(3):122-130. [PubMed: 15249764]

Kahn S, Hryb D, Nakhla A, et al. Beyond carrier proteins: sex hormone-binding globulin is
synthesized in target cells. J Endocrinol. 2002;175:113-120. [PubMed: 12379495]

Ding EL, Song Y, Manson JE, et al. Sex hormone-binding globulin and risk of type 2 diabetes in
women and men. N Engl J Med. 2009;361(12):1152-1163. [PubMed: 19657112]

Bernini GP, Sgro’ M, Moretti A, et al. Endogenous androgens and carotid intimal-medial
thickness in women. J Clin Endocrinol Metab. 1999;84(6):2008-2012. [PubMed: 10372702]
Reinecke H, Bogdanski J, Woltering A, et al. Relation of serum levels of sex hormone binding
globulin to coronary heart disease in postmenopausal women. Am J Cardiol. 2002;90(4):364—
368. [PubMed: 12161223]

Lapidus L, Lindstedt G, Lundberg P, et al. Concentrations of sex-hormone binding globulin and
corticosteroid binding globulin in serum in relation to cardiovascular risk factors and to 12-year

Climacteric. Author manuscript; available in PMC 2024 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Azene et al. Page 9

incidence of cardiovascular disease and overall mortality in postmenopausal women. Clin Chem.
1986;32(1 Pt 1):146-152. [PubMed: 3940696]

[35]. Davis SR, Robinson PJ, Moufarege A, et al. The contribution of SHBG to the variation in
HOMA-IR is not dependent on endogenous oestrogen or androgen levels in postmenopausal
women. Clin Endocrinol. 2012;77(4):541-547.

[36]. Abo Statistics. Reflecting a nation: stories from the 2011 Census, 2012-2013;

[cited 2022 Oct 11]. Available from: https://www.abs.gov.au/ausstats/abs@.nsf/lookup/
2071.0main+features902012-2013.

[37]. Wolfe R, Murray AM, Woods RL, et al. The aspirin in reducing events in the elderly trial:
statistical analysis plan. Int J Stroke. 2018;13(3):335-338. [PubMed: 29111960]

Climacteric. Author manuscript; available in PMC 2024 April 01.


https://www.abs.gov.au/ausstats/abs@.nsf/lookup/2071.0main+features902012-2013
https://www.abs.gov.au/ausstats/abs@.nsf/lookup/2071.0main+features902012-2013

Page 10

34 insufficient samples

3127 excluded due to receiving:

+ Any type of systemic or topical sex steroid
therapy, tamoxifen, or other selective
estrogen receptor modulator, aromatase
mhibitor, anti-androgen therapy,
glucocorticosteroid therapy (823)

+ Lipid lowering medications (2304)

Azene et al.
= 3 . .
% 6392 participants provided a biobank
o sample
<
)
S
c
7
Q
z
A 4
6358 provided sufficient samples from
which baseline sex steroid concentrations
> measured
=
-
Q
<
)
S
c
7
Q
Z
A 4
E 3231 participants included in the
3 analyses
<
% Figure 1.
2 Inclusion of participants in the analyses.
z
>
=
=0
Q
<
)
S
c
)
Q
=t

Climacteric. Author manuscript; available in PMC 2024 April 01.




Page 11

Azene et al.

Author Manuscript

(Le)6TT
(z'sL) 1ev'e

(9°59) T2T'C
(91€) 020'T
(8'2) 06

(g8-T2) 8L
(#ST-82T) O¥T

(2'0) e
(€°66) L02€

(T62) L£6

(z'8e) 1€2T

(g78) v10T
(c1) L€

(¥9T-55'T) 65T
(7'82-8'09) 69
(8'v) 15T
(ev1) 29y
(2'0¢) 166
(z'05) T29T

(6°2L-LTL) 0VL
(001) TEZE

Jawio4
waun)

(%) ¢ ‘uondwnsuod j1o0yod|y
JETEIN]
Jawlio4
waun)

(%) v ‘snyess Buows
(401) uerpaw ‘a1joiseiq
(401) uerpaw ‘a1j01sAs

(6Hww) ainssaid poojg

19
0 wo

Anseoue ueadoing
(%) v ‘Aoz
00€e<
66¢—0'5¢
6'7¢-G'81
81>
uﬁo\cvt ‘(zw/Bx) xapui ssew Apog

QEO: uerpaw ‘(wo) ybIaH
(d01) ueipaw ‘(6%) wbram

G8<
¥8-08
6/.-GL
v.-0L

(%) u ‘dnoub aby
(401) ueipaw ‘(steak) aby
(%) v l1esenO

aneA

o151 108 YD

‘TalqeL

Author Manuscript

Author Manuscript

‘syuedionued Apnis ay) Jo sonsiiaoeIeYD auljaseg

Author Manuscript

Climacteric. Author manuscript; available in PMC 2024 April 01.



Page 12

Azene et al.

"abuel a1uenbisiul ‘YOI

‘syuedionted gzze 104 d|qe|iene Smox

‘spuedioned ZyTE 104 o|qe|iene ered,

‘sjuedioiired Japue|s| eAlS S0 10 [eulfiiogy pue uelsy w%zucaq
‘sjuediorued 6TZE 104 a|qe|iene eled,
‘syuedionued 2 zze 10} a|qejiene m.%n_Q
‘syuedioned £zze 10} a|qejieAe Emom

@or-0s2) gzy 4 P1MU90 LAOG-YIOT) Uepaw (i/jowu) ulingolb Bupuiq auowsioy xas

(2'Lve-8'88) 6'78T (511U YOB-LYOT) uepaw ‘(j/jowd) suonsy
(0'17) £85 m@& U ‘uonauny [euas palredw|
(§9) vT SOA
(%) v ‘seeqeiq
(1'12) 189 18A9N
anfeA olIs1e1R BYD
Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Climacteric. Author manuscript; available in PMC 2024 April 01.



Page 13

Azene et al.

"b—T aj1tenb ‘4O~ {[eAsa1ul 30UaPYUOD ‘1D

'S9)9GRIP pUe uonouny [euss palredw ‘uondwnsuod joyodje ‘Buryows ‘xapui ssew Apoq ‘abe oy umms._u,qm

8T°0 110 €00 200 €10 900 200 100 2
(26-8°99) I/]owu
100°0> (220~ 100°0> (¥€°0- 100°0> (8T°0- 100°0> (¥2'0- 100°0> (520 100°0> 2€1°0 (200 9190 299 '(€'92) 258
01 ¥€°0-) T€'0— 01 T¥°0-) 80— 01 /€°0-) 82°0- 01 T¥°0-) €€°0— 019T°0) T2°0 (5e'00192°0) TE0D  019T°0-) LO0O- (900 03 TT°0-) 20°0— R /6]
(7'e5-8°2p) I/jowu
100°0> (LT°0- 100°0> (€2°0- 100°0 (90°0- 100°0> (60°0- 100°0> (6T°0 100°0> 826'0 (600 692°0 v'Ly '(2'92) 298
01G62°0-) T2°0— 01 T€°0-) L20- 01 ¥2°0-) GT'0- 01 /2°0-) 8T'0— 01TT°0) ST'0 (Lz0016T0) €20 0180°0-) T0'0 (€T°0 03 ¥0°0-) S0°0 €0
(9°0%—2€) I/jowu
100°0> (0T°0- 100°0> (€T°0- 100°0 (20°0- 100°0> (80°0- 1000> (#T°0 100°0> L€1°0 (200 S6€°0 €9¢ '(5'52) €28
018T°0-) ¥T'0- 0112°0-) LT'0- 0162°0-) 9T°0- 01G2°0-) LT'0- 01 50°0) 60°0 (8T°00160°0) ET0  01GT°0-) LO'0O- (50004 2T°0-) ¥0°0— 20
(6'62—2'8T) I/jowu
€'6e ‘(r'12) 169
0 0 0 0 0 0 0 0 (480) 1O
(811U82 LPO6—0T) UeIpaW ‘(%) A/ ‘ulngolb Buipuig suow.ioy X8
ZT0 100 €00 100 170 100 200 100 &
(9'56v-8'782)
100°0 (€0°0- 2650 (500 2000 (S0°0- 0600 (T0°0 9%0°0 (60°0 £0T°0 (100 8700 (z0'0- 5000 (¥0°0- 1/1o0wd 9:9g€ ‘(¥'v2) 062
01 TT°0-) L0'0— 01£0°0-) TO'0 01 £2°0-) ¥T°0- 019T°0-) L0'0— 0170°0) ¥0°0 01 80°0-) ¥0'0- 016T°0-) TT'0- 01 02°0-) ZT°0- R7/6]
(6'852-9'88T)
0€0°0 (T0'0- 7050 (€00 1€€°0 (700 678°0 (80°0 1700 (600 687°0 (650 €£6'0 (600 826'0 (800 1/1owd z'81Z (1°92) 9v8
0180°0-) ¥0'0— 01G60°0-) T0'0— 01 £7°0-) ¥0°0- 01 60°0-) T0'0— 0170°0) S0°0 01 £0°0-) 200 0180°0-) T0'0 01 80°0-) T0°0 €0
(§°2LT-T'€ET)
8120 (100 75€0 (120 5700 (10°0- 8€T'0 (200 2920 (200 1050 (900 9e1°0 (200 €720 (7€°0 1/10wd g'G5T (9°52) 828
0190°0-) 20°0— 0190°0-) 20'0— 01 /T°0-) 60°0- 01GT°0-) 90°0— 0120°0-) 200 01 62°0-) 200 01 GT°0-) 90°0— 01 £T7°0-) S0'0- 20
(T'zeT-1'8%)
I/lowd 2'96 ‘(L'€2) L9L
0 0 0 0 0 0 0 0 (480) 1O
(511U YOE—0T) UBIPaW ‘(%) NV ‘Bu0NIST
anead ‘(10 anea-d ‘(10 anfead (10 anea-d ‘(10 anfead (10 anfead (10 anead ‘(10 aneAd ‘(120 oIIs110R ey
%G6) ‘IUBIDIYB0D  04G6) ‘IUBIDIB0D  04G6) ‘IUBIDIB0D  04GE) ‘IUBIOIB0D  04GE) ‘IUBIDIB0D  04GE) ‘IUBIDIB0D  04G6) ‘IUBIDINB0D  94GE) ‘IUBIDIB00
4 pesnipy ¢ porsnlpeun o pemnipy 4 poxnlpeun o gpewnipy 4 possnipeun g pesnipy 4 possnipeun

sap1eIAIBIIL

10019 10Y0
uplododi| Aysuep-ybiy-uoN

1050159 |0y0 uIoIdodi| Aysuap-ybiH

08189 (0L 10

Author Manuscript

"SUOILIIUSUOD PIdi| POO|g pue UljnNgolB Bulpuig BUOWIOY XS ‘8UO0JISE USMIS] SUOIRIJ0SSY

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Climacteric. Author manuscript; available in PMC 2024 April 01.



	Abstract
	Introduction
	Methods
	Study design and participants
	Clinical measurements/parameters
	Biochemical measurements
	Statistical analysis

	Results
	Associations between estrone, SHBG and lipids

	Discussion
	Conclusions
	References
	Figure 1.
	Table 1.
	Table 2.

