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Sex steroid levels after menopause

❑ Analytical aspects

❑ Endogenous estrogens after menopause

❑ and menopausal symptoms

❑ and cardiovascular health

❑ and breast

❑ and bone

❑ Estrogen therapy

❑ Endogenous and exogenous testosterone



Sources of estrogens after menopause

From Audet-Walsh et al J Clin Endocrinol Metab 2011; 96:E330-39



Decline of estrogen precursors with aging:
DHEAS

Davison, S. L. et al. J Clin Endocrinol Metab 2005;90:3847-3853



Decline of estrogen precursors with aging: 

androstenedione

Davison, S. L. et al. J Clin Endocrinol Metab 2005;90:3847-3853



Estrogen levels from infancy to late adulthood 

determined by LC-MS/MS

Frederiksen et al J Clin Endocrinol Metab 2020;105:1-15
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Comparison of methods to measure low serum levels 

estradiol in postmenopausal women: 

direct and indirect immunoassay versus GC-MSMS 
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Lee et al J Clin Endocrinol Metab 2006;91:3791-3797

Pearson Corr. Coeff. E2 vs BMI 

according to E2 assay



Target value (pg/ml)

10 /

Bias distribution of individual E2 results by sample and assay technology (Panel A: Immunoassays, Panel B: Mass 
spectrometry assays). Vesper et al, Steroids, 2014 
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The low testosterone levels in women
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Testosterone after age 70y (by LC-MS/MS)

Davis et al J Clin Endocrinol Metab 2019;104:6291-6300

1nmol/L = 29ng/dL 





Randolph et alJ Clin Endocrinol Metab 2005;90:6106-12



Are serum estrogen concentrations associated with menopausal 

symptom bothers? Baseline results from two MsFLASH clinical trials:

trial 03 n=178 peri-/postmenopausal; mean 54y; VM sy (≥v14 HF or NS/week)

trial 05 n=181; postmenopausal mean 61y: moderate-to-severe vulvovaginal sy  

Crandall et al Maturitas 2022;162:23-30

MsFLASH 03 MsFLASH 05

Estradiol (pg/ml)



Are serum estrogen concentrations associated with menopausal 

symptom bothers? Baseline results from two MsFLASH clinical trials:

trial 03 n=178 peri-/postmenopausal; mean 54y; VM sy (≥v14 HF or NS/week)

trial 05 n=181; postmenopausal mean 61y: moderate-to-severe vulvovaginal sy  

Crandall et al Maturitas 2022;162:23-30
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Are serum estrogen concentrations associated with menopausal 

symptom bothers? Baseline results from two MsFLASH clinical trials:

trial 03 n=178 peri-/postmenopausal; mean 54y; VM sy (≥v14 HF or NS/week)

trial 05 n=181; postmenopausal mean 61y: moderate-to-severe vulvovaginal sy  

Crandall et al Maturitas 2022;162:23-30

MsFLASH 03 MsFLASH 05

SHBG (nmol/L)



Li et al Urology 2024;188:63-69

Log. serum estradiol

Odds Ratio Urgency Urinary Incontinence



Reproductive hormones and subclinical cardiovascular 

disease in midlife women (40 to 60 y; mean 54y)

Thurston et al J Clin Endocrinol Metab 2018;103:3070-3077



Prospective study of endogenous circulating 

estradiol and risk of stroke in older women

Lee et al Arch Neurology 2010;67:195-201



Sex steroid hormone levels in breast adipose tissue and 

serum in postmenopausal women

Falk et al Breast Cancer Res Treat 2012;131;287-294

Serum
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Endogenous estrogen levels are associated with 

mammographic density in postmenopausal women 
(mean age 56yr; mean 5.1yr after menopause) 

baseline data from the PEPI trial

Greendale et al Am J Epidemiol 2005;162:826-35

Quintiles of serum estrone levels

Adjusted least squares

mean estimates of percent

mammographic density

In a multivariate model adjusted for confounders density is associated with

Estrone- (p=0.014), estradiol- (P=0.009)  and bioavailable estradiol levels (p= 0.018)



J Nat Cancer Institute 2003:95:1218-1226
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rescaled: level lowest BMI=1

RR breast cancer 

unadjusted and adjusted for E2 level



Steroids 2015; 99:49-55

Geometric mean of estradiol (pmol/L)

Findings similar for estrone



<
Steroids 2015; 99:49-55

Odds ratio for breast cancer

by fifth of estradiol

Findings similar for estrone



Effect of letrozole on serum E2 and E1 in 

postmenopausal women with breast cancer 

Faltinova et al Breast Cancer Research and Treatment 2023;201:425-435
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Faltova et al Breast Cancer Res Treat 2021;187:769-775

E2 pmol/L

E2 pmol/L

AI failures



Critical role of estrogens for skeletal health: 

RR of vertebral fracture as a function of endogenous 

serum E2 and SHBG in postmenopausal women (>65yr)

Cummings et al., NEJM 1998;339:733-738



Endogenous hormone levels and 

risk of incident vertebral fractures in 

late postmenopausal women (mean age 68yr)

Tertiles of serum levels

Tertiles of SHBG

Lumbar spine bone mineral density Odds ratio for incident vertevral fracture

Tertiles of estradiol

Goderie-Plomp et al J Clin Endocrinol Metab 2004;89:3261-69



Endogenous estrogen and incident vertebral 

fracture in older women (mean age 75yrs)

Proportion of women without fracture 

according to tertile of free estradiol index (FEI)

Prince et al Bone 2007;41:33-38



Effects on bone mineral density of aromatase inhibition 

with anastrozole in PM women

Sestak et al the Lancet Oncology 2014;15:1460-68



Pharmacokinetics of estradiol patch (0.025, 0.050 and 0,1 mg/d) 

compared to oral 2 mg micronized estradiol and 

1.25 mg conjugate equine estrogen 

Powers et al Am J Obstet Gyneco 1985;145:1099-1106 

Serum E2 and E1 Urine E2- and E1 conjugates



Pharmacokinetics of estradiol patch (0.025, 0.050 and 0,1 mg/d) 

compared to oral 2 mg micronized estradiol and 

1.25 mg conjugate equine estrogen 

Powers et al Am J Obstet Gyneco 1985;145:1099-1106 

Serum E2 and E1

Urine E2- and E1 conjugates

Serum E2 and E1 (long-term)



Effect of dose on the absorption of estradiol 

from a transdermal gel 

Järvinen et al Maturitas 2000;35:51-56

E2 (pmol/L)

E1 (pmol/L)



Factors associated with serum estradiol levels among 

postmenopausal women using hormone therapy

Sriprasert et al Obstet Gynecol 2020;136:675-684

R/ Daily 1 mg oral micronized 17β-estradiol



Steingold et al J Clin Endocrinol Metab 1985;61



Steingold et al J Clin Endocrinol Metab 1985;61



Five-year changes in bone density and serum estradiol in postmenopausal 

women (mean 61y at baseline) using long-term estradiol implants 

50mg implant every 6 months

Vashisht and Studd Gynecol Endocrinol 2003;17:463-470
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Symptom score

FSH level

Urinary calcium

hydroxyproline/creatinine

BMJ 1986;293:1337-1339



Menopausal Symptom Score for 

E2  < 150 or ≥ 150 pmol/L (41 pg/ml)

Rodgers and Miller British J General Pract 1997; 47:161-165

ROC Curve showing lack of 

predictive value for MSS



Randolph et al J Clin Endocrinol Metab 2015;100:258-266



Pharmacokinetics of a testosterone gel in healthy 

postmenopausal women

Postmenopausal women not on estrogen therapy

Postmenopausal women on estrogen  therapy

Singh et al J Clin Endocrinol Metab 2006;91:136-144



Parish et al J Sex Med 2021;17:18:849-867



Age-specific reference ranges for serum testosterone 

concentrations in women measured by LC-MS/MS

Safety goal total Testosterone ≤ 2nmol/L (= 57ng/dL) 

Haring et al J Clin Endocrinol Metab 2012;97:408-415



Summary and comments (I)

❑ Estrogen levels after menopause are low and reliable measurement 

requires robust and sensitive methodology: 

LC-MS/MS (or GC-MS/MS) present state-of-the-art.

❑ Although (very) low compared to the exposure before menopause, 

the persistent low estrogen exposure in postmenopausal women is 

physiologically and clinically important

❑ Although circulating estrogen levels are low, changes in these low 

levels, either by altered production or through altered bioavailability 

resulting from changes in SHBG binding, appear to have important 

clinical consequences 

❑ Although differences in estrogen levels are clinically important and 

can have practical implications, endogenous estrogen levels in 

individual patients have very poor (if any) clinical predictive value and 

measurement is not clinically useful, with possible exception of 

monitoring of aromatase inhibition in cancer patients.



Summary and comments (II)

❑ For the different modes of administration of estradiol therapy, 

achieved blood levels are generally proportional to dosage. 

❑ Interpretation of single point measurements of blood levels is 

complicated by factors such as pharmacokinetic profile, variation in 

timing of application, changes in SHBG. 

❑ There are presently no validated target or safety estradiol levels for 

any specific clinical goal. Dosage can only be based on information 

from controlled trials and mainly on clinical monitoring 

❑ Testosterone levels after menopause (as well as in premenopausal 

women) are very low compared to levels in men  and reliable 

measurement requires robust and sensitive methodology: 

LC-MS/MS (or GC-MS/MS) present state-of-the-art.

❑ Clinical use is limited to women with clinical hyperandrogenism and 

safety monitoring of testosterone treatment (safety target: total T 

within range for premenopausal women, i.e. ≤ ~2nmol/L or 57ng/dL). 

Remark: improved specificity by use of free T (indicative <0,5ng/dL)  



Thank you!
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