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Be yond  Estrog e n
Estrog e n association with me nop ausal symp toms has b e e n we ll examine d  

O the r hormone  and  hormone  me tab olite  associations with me nop ause  
symp tomato log y and  outcome s are  no t und e rstood

Long -te rm hormone  traje ctorie s as p ost-me nop ausal wome n ag e  and  
hormone  me tab olite  e ffe cts on outcome s are  nearly ab se nt from the  lite rature

WHI now has re p eate d  measure s of FSH, LH, and  SHBG and  cop ious hormone  
me tab olite  measure s d ue  to  ancillary stud ie s

Re ce nt re sults o f hormone  and  hormone  me tab olite  e ffe cts on symp toms, 
ad ip ose  accre tion, sle e p , and  cog nition to  b e  p re se nte d  b y our p ane l
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Friday 9:05-9:20 am (15min) 
Jen



End o crino lo g y o f m e no p ause
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20th Ed . McGraw-Hill; 2018. 

Presenter
Presentation Notes
Early in the menopausal transition, also known as perimenopause, ovarian follicles experience an accelerated rate of loss until eventually the supply of follicles is depleted. This loss of follicles correlates with a decrease in secretion of inhibins within the ovaries, which stimulates the pituitary to produce higher levels of FSH.  This process can begin anywhere from 2-8 years before the final menstrual period. 

Beginning 1 or 2 years before the final menstrual period, we begin to see a decline in circulating estrogens such as estradiol and estrone as a result of ovarian fatigue. This marked reduction in estradiol levels then signals the pituitary gland to produce even more FSH so that it can promote the ovaries to increase production of estrogen. As such, FSH levels rise more dramatically , by 10-20-fold.

So this drastic change in the hormonal profile of women during the process of menopause, and the fact it coincides with this period of increasing bone remodeling amongst women specifically, led scientists to hypothesize reproductive senescence was in some way related to the onset of postmenopausal bone loss. 

















Go nad o tro p in  hyp o the sis; a ct io n  b e yo nd  
re p ro d uctio n

• FSH and  LH are  not just re p rod uctive  hormone s

• FSHR exp re sse d  in extra-g onad al tissue s
• Ad ip ose  tissue
• Vascular e nd othe lial ce lls
• Tumors
• O ste oclasts
• Ce re b ral cortex, hip p ocamp us

Lizneva et al Front Endocrin 2019; Palak et al Mol Med 2024; Li X et al Theranostics 2017 6

Presenter
Presentation Notes
This knowledge that FSH has significance beyond reproduction has grown immensely in the past decade – 



Extragonadal tissues include endothelial cells – leading to work in solid tumors and sarcomas in context of anti-cancer drugs

Bone – SWAN and other studies, including our own by a former PhD student, support an inverse association of FSH and BMD.  However so far, clinical studies of GnRH agonists haven’t shown changes in bone resorption. Look for later references to update this.




Pre clin ica l w o rk o n  FSH and  ad ip o se  t issue

7Liu et al Nature 2017

Presenter
Presentation Notes
Liu et al 2017 represents some very provocative preclinical work on the pituitary hormone FSH with both adiposity and bone mass in mice. This is what started the renewed excitement for the study of gonadotropins

This group developed a polyclonal antibody that blocks binding of FSH to its receptor. 

They showed that the Ab blocks binding and actives Ucp1 – which drives thermogenesis



Characte rizing  g o nad o tro p in  va riab ility 
p o stm e no p ause

• N=291 wome n O ste oPe rio  (O S; PI: Wactawski-We nd e ) no t  using  HT* 

• 20-year traje ctorie s e stimate d  using  hormone s measure d  at four 
time p oints:

Lima S e t al Menop ause  2026
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Presenter
Presentation Notes
FSH plateau 8 years after menopause? 
Later time period, this has been largely ignored
Goal was to characterize the variability after menopause, taking advantage of our multiple serum samples over a longer period of time later in life

We additionally restricted this sample to women who were not hormone therapy (HT)-users during the course of the study (i.e., never users and women who formerly used HT prior to WHI enrollment), resulting in a final sample size of 291 women. 

Mean age 63 years, primarily white non-Hispanic sample. 



FSH tra je cto rie s
• Wome n in the  hig h 

traje ctory (1 1 %):
• More  like ly to  b e  ne ve r 

smoke rs
• Le ss kcal/d ay
• Lowe r BMI, waist circ, % 

fat, fat mass, SAT, VAT

Lima S e t al Menop ause  2026; Nag in e t al Annu Rev Clin Psychol 2010
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Presenter
Presentation Notes
Trajectories of FSH and LH were estimated via group-based trajectory modeling—an application of finite mixture modeling for clustering of longitudinal measurements5—using data from four WHI visits spanning 20 years 

Chose these methods to see the complete picture over time. These plots are standardized to years since menopause. SWAN used these methods and it was nice to compare…will come back to this comparison later.

While evidence suggests that gonadotropins may play an important role in aging-related changes in body composition and health outcomes, follicle stimulating hormone (FSH) and luteinizing hormone (LH) patterns have not been well characterized in older women. We characterized patterns of FSH and LH change over time after menopause. 

LH trajectories were almost identical, albeit at lower levels. We observed moderate agreement between FSH and LH trajectory membership. Approximately 76% of women in the low LH trajectory were also in the low FSH trajectory and 62% of women in the high FSH trajectory were also in the high LH trajectory. 



FSH tra je cto rie s

E2  a t  b a se line :

6.1 p g /ml

9.2 p g /ml

11.2 p g /ml

E2  a t  Y2 0 :

3.0 p g /ml

6.7 p g /ml

6.1 p g /ml

• FSH d iffe re nce  
b e twe e n hig h 
and  low 
traje ctorie s = 

   7 7  m IU/ m l
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Lima S e t al Menop ause  2026

Presenter
Presentation Notes
These estradiol differences are not statistically significant. But it does highlight the change after menopause to one where the negative feedback of E2 on FSH disappears, because levels are so low. 

It is interesting that even though estradiol levels are similar, there is still variability in FSH levels
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Base line  m e no p ausa l sym p to m s in  p a st  fo ur w e e ks p e r tra je cto ry g ro up . N=2 9 1 .

Me an  (SD) o r N (%)

FSH
Lo w Mo d e ra te Hig h

1 0 5  (3 6 .1 %) 1 5 4  (5 2 .9 %) 3 2  (1 1 .0 %) P-va lue
Me nop ausa l sym p tom s sco re s
Vasomotor score 0.76 (1.15) 0.71 (1.18) 1.09 (1.38) 0.247
Hot flashe s score 0.40 (0.64) 0.36 (0.63) 0.69 (0.78) 0 .0 3 7
Nig ht sweats score 0.36 (0.59) 0.35 (0.64) 0.41 (0.76) 0.897

Sle e p  
Sleep  duration 0.377

≤6 hr. 34 (32.4%) 53 (34.6%) 13 (40.6%)
7 hr. 41 (39.0%) 55 (35.9%) 15 (46.9%)
≥8 hr. 30 (28.6%) 45 (29.4%) 4 (12.5%)

WHI insomnia rating  score 0.177
<9 70 (66.7%) 116 (75.3%) 20 (62.5%)
≥9 35 (33.3%) 38 (24.7%) 12 (37.5%)

Sleep  quality 0.397
Re stle ss 19 (18.1%) 25 (16.3%) 9 (28.1%)
Ave rag e  q uality 43 (41.0%) 56 (36.6%) 13 (40.6%)
Sound  or re stful 43 (41.0%) 72 (47.1%) 10 (31.3%)

Menop ausal symp tom score  is created  b y creating  numeric value  for each seve rity leve l: None  = 0; Mild  = 1; Moderate  = 2; Seve re  = 3. Vasomotor sums hot flashes and  
nig ht sweats score s. Vasomotor symp tom score  rang e : 0-6. Hot flashes and  nig ht sweats score  rang es: 0-3.
Sleep  quality: “Very re stle ss” g roup ed  with “Restle ss”; “Very sound  or re stful” g roup ed  with “Sound  or re stful”.
Statistical sig nificance  te sted  using  one -way ANOVA, ad justed  for years since  menop ause , for continuous variab le s; Chi-square  for categ orical variab le s.

Lima S e t al Menop ause  2026

Presenter
Presentation Notes
Table shows self-reported menopausal symptoms according to hormonal trajectories.   Form 155

Postmenopausal women in the highest FSH trajectory experienced significantly more severe hot flashes compared to women in lower FSH trajectory groups. 

Women in the highest FSH trajectory reported shorter usual sleep duration and more restless sleep (non-significant).

Our results also corroborate an analysis in the Penn Ovarian Aging Study, where a higher rate of change in FSH predicted severe hot flashes.7 

However, we evaluated hormone trajectories with baseline menopausal symptoms, and are thus limited in interpreting whether differences in symptom severity were related to patterns of FSH and LH or merely a marker of lower estradiol levels, though we did not detect statistically significant differences in estradiol. 

It is also important to consider that our sample was comprised of non-HT users who likely experienced no or mild menopausal symptoms and therefore our power to detect associations is more limited.30 

Indeed, average symptom severity scores in this sample were relatively low on average, also indicating mild symptom experience. 




12JK Pru Menop ause  2026 33(1): 1-2.

Presenter
Presentation Notes
There is a considerable amount of variability in the patterns of gonadotropin change after menopause among non-HT users.

Future research is needed to understand whether gonadotropin variability after menopause is related to other aging-related symptoms and health-related outcomes in larger samples.

Trends in obesity among premenopausal and postmenopausal women in the United States between 1999 and 2018: results from the National Health and Nutrition Examination Survey
Cook, Claire E.; Kim, Chris; Abid, Mahrukh; Wasser, Alexandra; Banack, Hailey R. Menopause. 33(1):20-29, January 2026.

We could do this in the larger sample – in addition to the work I have been showing you in the OsteoPerio study, we have a large sample from the WHI DXA cohort that is included in our current R01. There are a lot of things we could look at and associated with FSH…in a few slides I will show you what other FSH related plans we have in the works.



SWAN Stud y
N=1 3 1 6  no n  HT use rs

WHI O ste o Pe rio  Stud y
N=2 9 0  no n  HT use rs

Wome n in me nop ausal transition Post-me nop ausal wome n fo llowe d  for 20 years

Estimate d  3 FSH traje ctorie s that all rose  around  
the  final me nstrual p e riod  the n p lateaue d  out to  8 
years afte r FMP

Id e ntifie d  3 FSH traje ctorie s that re main re lative ly 
stab le  afte r me nop ause

End ing  se rum FSH le ve ls:
• 35 IU/L for low traje ctory
• 90 IU/L for mid d le  traje ctory
• 120 IU/L for hig h traje ctory

Base line  se rum FSH le ve ls:
• 48.1 IU/L for low traje ctory
• 78.0 IU/L for mid d le  traje ctory
• 124.8 IU/L for hig h traje ctory

Race , e thnicity and  BMI we re  re late d  to  traje ctory:
-Wome n in hig h FSH traje ctory more  like ly to  b e  
normal we ig ht (inve rse  associations)
-Wome n in low FSH traje ctory we re  more  like ly to  
b e  AA, Hisp anic, ove rwe ig ht o r ob e se ; 
-Wome n in mid d le  traje ctory we re  more  like ly to  b e  
Jap ane se

Hig he r FSH and  LH traje ctorie s are  associate d  with 
lowe r ad ip osity (inve rse  associations)

We  inve stig ate d  FSH-ad ip osity* associations in a 
larg e r samp le , with contro l fo r e strad io l, SHBG, and  
HT use …

13Te p p e r e t al J  Clin Endocrin Me tab  2012

Presenter
Presentation Notes
 As adipose tissue is an estrogen-producing organ, it is also possible women with more adipose tissue have more negative feedback regulation of FSH and LH via estradiol, thus creating an inverse association between baseline adiposity and hormone trajectory.29 

However, differences in estradiol according to trajectory groups were not statistically significant.

To our knowledge, this is the first study to characterize these hormones during this life stage.



FSH and  ad ip o sity

14Yue  Y e t al Climacte ric 2025



FSH and  ad ip o sity a sso cia t io ns

• FSH and LH associations with longitudinal changes in BMI, whole 
body adiposity, and abdominal adiposity after menopause.

• Group-based trajectory modeling of multiple measures of adiposity over three 
study visits over 17 years - Polytomous logistic regression

• GEE models

15Yue  Y e t al Climacte ric 2025

 From OsteoPerio Study: B Y3 Y8 Y20 
N=675     

DXA scan + VAT and SAT; serum; B, Baseline; Y, Year 



VAT tra je cto ry, 3  DXA scans

16Yue  Y e t al Climacte ric 2025

cm
2

Presenter
Presentation Notes
We obviously had fun with the trajectory modeling bc we also used it here, since we had 3 DXA scans and many measures of adiposity to examine. 

This figure is showing VAT trajectories, standardized to years after 50. 




FSH inve rse ly a sso cia te d  w ith  ad ip o sity

17

Tab le  1 . Base line  cha racte rist ics b y ad ip o sity tra je cto ry g ro up  (N=6 7 5 ).

Base line  Cha racte rist ic
Ad ip o sity Tra je cto ry Gro up

Low Moderate Hig h P-va lue

VA
T

O ve ra ll, N (%) 3 2 8  (4 8 .6 %) 2 7 2  (4 0 .3 %) 7 5  (1 1 .1 %)
Ag e , y 66.0 (6.9) 65.4 (6.6) 63.7 (5.3) 0 .0 2 2
Neve r HT, N (%) 96 (29.3%) 84 (30.9%) 24 (32.0%) 0.490
HEI, mean (SD) 68.5 (10.3) 65.8 (10.5) 64.5 (9.8) 0 .0 0 1
FSH (mIU/mL) 62.1 (30.6) 54.4 (27.4) 44.8 (21.5) <0 .0 0 1
LH (mIU/mL) 34.2 (14.5) 31.6 (13.6) 26.4 (11.7) <0 .0 0 1
E2 (p g /mL) 32.1 (33.0) 30.6 (32.4) 26.6 (28.7) 0.398

Yue  Y e t al Climacte ric 2025



FSH inve rse ly a sso cia te d  w ith  ad ip o sity
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GEE m o d e ls sho w ing  a sso cia tio ns b e tw e e n  FSH, LH and  co ntinuo us 
ad ip o sity m e asure s o ve r t im e .

VAT (cm 2) SAT (cm 2) BMI (kg / m 2) Pe rce nt Fa t (%)
𝛽𝛽 (95% CI) 𝛽𝛽 (95% CI) 𝛽𝛽 (95% CI) 𝛽𝛽 (95% CI)

FSH m o d e l1 ,2

FSH, mIU/ml -0 .5 4  (-0 .6 9 , -0 .4 0 ) -1 .1 1  (-1 .4 2 , -0 .7 9 ) -0 .0 5  (-0 .0 7 , -0 .0 4 ) -0 .0 4  (-0 .0 5 , -0 .0 2 )
5-year ad ip osity chang e 5 .8 4  (4 .0 6 , 7 .6 2 ) 1.47 (-2.60, 5.53) 0.08 (-0.06, 0.22) 0 .2 8  (0 .0 9 , 0 .4 7 )
17-year ad ip osity chang e  2 0 .4 5  (1 6 .5 3 , 2 4 .3 7 ) 1 2 .1 5  (4 .2 8 , 2 0 .0 3 ) 0 .7 5  (0 .4 5 , 1 .0 5 ) 0 .7 7  (0 .4 0 , 1 .1 5 )

1. Mod e ls ad juste d  for b ase line  ag e , p hysical activity in MET hrs/wk, HT use  (ne ve r, forme r, curre nt).
2. FSH mod e l samp le  size : n=674 at b ase line , n=670 at year 5, n=319 at year 17.
Bo ld  = P<0.05.

Yue  Y e t al Climacte ric 2025

Presenter
Presentation Notes
Table 2 shows that higher baseline FSH was consistently associated with lower adiposity across 17 years. 

A 1-mIU/mL higher baseline FSH was associated with 0.54 cm2 (95% CI: -0.69, -0.40) lower VAT, over time. 

Table 2 also reports the estimated changes in VAT, SAT, BMI, and percent fat in the sample across 5 years and 17 years of OsteoPerio follow-up. VAT specifically increased 5.84 cm2 after 5 years and 20.5 cm2 after 17 years on average; both were statistically significant.

Still inverse.  Not showing polytomous regression models here. They were inverse too.  

We stratified by HT use over time- all associations still inverse. 


This study evaluates whether FSH and LH is related to changes in body fat during the postmenopause period. We found higher levels of FSH and LH are significantly associated with less body fat among older postmenopausal women, regardless of time since menopause or whether the woman used hormone therapy. 


This is counter to our hypothesis and counter to the preclinical work I mentioned earlier. 

Are they inverse because we are missing that earlier window of FSH change? FSH has largely already stabilized when women enrolled into WHI

This is where in a perfect world, it would be a dream come true to have a new cohort of women, and modern day SWAN study, to test out newer and timely hypothesis 






What ne xt?

• In our p ostme nop ausal samp le , inve rse  associations are  
rob ust to  E2, HT use , time  since  me nop ause .

• The se  find ing s are  counte r to  the  p re clinical work. 
• Are  we  are  missing  that earlie r wind ow of FSH chang e ? 

• SWAN; Sowe rs e t al J  Clin Endocrin Me tab  2007
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FSH has largely already stabilized when women enrolled into WHI.

This is where in a perfect world, it would be a dream come true to have a new cohort of women, and modern day SWAN study, to test out newer and timely hypothesis 





Mo re  FSH-re la te d  w o rk to  co m e …

• FSH ad ip ose  in the  HT trials…und e r re vie w

• FSH and  b reast cance r…ong oing

• FSH and  hyp e rte nsion – visit  o ur p o ste r!

• FSH and  d e me ntia in O ste oPe rio…ong oing

• Gonad otrop ins and  cog nition/ADRD in WHIMS, R0 1  und e r re vie w  

• FSH-b one  re late d  work… g rant in the  works
• Mattick e t al Osteop oros Int 2023

• FSHR & othe r re late d  g e ne s…in p lanning  stag e s
20
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Michaela working on metabolic syndrome now…

When making this slide, I had to chuckle because it seems like we have a lot to do – we absolutely do. We appreciate the opportunities that are available within the WHI, and this feels a bit like shaking the trees. I used AI to generate this image of Jen and I shaking the trees, looks like we are having a lot of fun – we do indeed have fun together, just ask our students, but in all seriousness…I believe that we are conducting important aging related work that is driven by the growing recognition of the importance of studying these hormones in postmenopausal women. 

We have lots in the works – please contact Jen and I if you’d like to work with us and expand any of this into other phenotypes.




The  FSH Te am  (so  fa r)

• Je nnife r Bea (UA), Heathe r O chs-Balcom 
(Buffalo)

• Collab orators: Jean Wactawski-We nd e , JoAnn 
Manson, Jane t Funk, De nise  Roe , Le sle y 
Tinke r, And re w O d e g aard

• UB/UA g rad uate  stud e nts: She lb y Zille r, Yihua 
Yue , Sarah Lima, Lind se y Mattick, Michae la 
Stockwe ll, John Alexand e r, Kayla Brown, 
Michae la Stockwe ll
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Come join our club, contact us with new ideas and ways to collaborate
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Santoro et al. Endocrinol Metab Clin North Am, 2015. 26316239
Gold et al. Am J Pub Health, 2006. 16735636
Avis et al. JAMA Intern Med, 2015. 25686030
Sarrel et al. Menopause, 2015. 25714236 

Menopause symptoms dramatically affect quality of life 
Symptoms associated with the menopausal 
transition: 
 Vaginal dryness
 Hot flashes/Night sweats
 Sleep disruption
 Depression/mood changes

Vasomotor symptoms associated with 
increased healthcare costs and work 
productivity loss

30-80% of women experience vasomotor 
symptoms across the menopausal transition, 
which may persist for years

 



Randolph. JCEM, 2005. 16144949
Woods. Menopause, 2014. 24781854

Is it more than just “estrogen?”
Colloquially we blame menopause symptoms 
on loss of ovarian “estrogen” or lower DHEA

Decreasing estradiol and increasing FSH 
associated with vasomotor symptoms

Androgen loss is a recognized contributor to 
sleep problems

There are many sex hormone metabolites, but 
historically they have been difficult to measure
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Continues to be 
produced by the adrenal 
glands after menopause

These aren’t 
converted into 
estrogens

Michels. JNCI Cancer Spectrum, 2019. 31321379.
Labrie. J Steroid Biochem, 2015. 24923731
Schiffer. Mol Cell Endocrinol, 2018. 28865807

Measures of 
systemic metabolism



Circulating concentrations 
of other sex hormonesMenopause symptoms



WHI-OS AS297
Nested case control study in the Women’s Health Initiative 
Observational Study 
 1,864 women with ovarian (n=399) or endometrial cancer (n=585), 

plus women selected as controls
 Matched on age, race, blood draw year, menopausal hormone 

therapy (MHT) use, and time since MHT use

MHT users (n=881) and non-users (n=901)

25+ androgen and estrogen metabolites
 Pre-diagnosis serum (mean=6.9 years before)
 Stable isotope dilution high performance LC-MS/MS assays

Brinton. CEBP, 2016. 27197275
Trabert CEBP, 2016. 26908437.
Trabert. Cancer Causes and Control, 2019. 31542834.
Michels. JNCI Cancer Spectrum, 2019. 31321379.
Trabert. Int J Can, 2019. 30684389.
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Parent Androgens
Dehydroepiandrosterone 
(DHEA)
Dehydroepiandrosterone sulfate 
(DHEAS)
Androstenedione
Testosterone
5α reductase Path
5a-androstanedione
Dihydrotestosterone (DHT)
Dihydrotestosterone sulfate 
(DHTS)
Androsterone (ADT)
Androsterone glucuronide 
(ADTG)
5a-androstane 3a,17B diol-3-
glucuronide (3a-diol-3G)
5a-androstane 3a,17B diol-17-
glucuronide (3a-diol-17G)
5β reductase Path
Etiocholanolone glucuronide

Parent Estrogens
Total Estrone
Unconjugated Estrone
Conjugated Estrone
Total Estradiol
Unconjugated Estradiol
Conjugated Estradiol
2-Hydroxylation Path
2-Hydroxyestrone
2-Hydroxyestradiol
2-Methoxyestrone
Unconjugated 2-Methoxyestrone
Conjugated 2-Methoxyestrone
2-Methoxyestradiol
Unconjugated 2-
Methoxyestradiol
Conjugated 2-Methoxyestradiol
2-Hydroxyestrone-3-methyl 
ether

4-Hydroxylation Path
4-Hydroxyestrone
4-Methoxyestrone
4-Methoxyestradiol
16α-Hydroxylation Path
Estriol
Unconjugated Estriol
Conjugated Estriol
16a-Hydroxyestrone
16-Ketoestradiol
16-Epiestriol
17-Epiestriol

Trabert. J Steroid Biochem Mol Biol, 2016. 26416142
Xu. Anal Chem, 2007. 17848096

Hormone metabolites measured in this study



Symptoms
At baseline, women were asked about the frequency of symptoms 
each week, during the last 4 weeks:

 Trouble falling asleep
 Waking several times at night
 Waking early than planned
 Difficulty going back to sleep
 Overall quality of sleep 

 Hours of sleep in a typical night
 Hot Flashes
 Night Sweats 

Levine. Psychol Assess. 2003. 1287774
Cauley. J Bone Miner Res. 2019. 30461066
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At baseline, women were asked about the frequency of 
symptoms each week, during the last 4 weeks:

 Trouble falling asleep
 Waking several times at night
 Waking early than planned
 Difficulty going back to sleep
 Overall quality of sleep 

 Hours of sleep in a typical night
 Hot Flashes
 Night Sweats 

Levine. Psychol Assess. 2003. 1287774
Cauley. J Bone Miner Res. 2019. 30461066

Sleep disturbance construct
Mild (0-4)
Moderate (5-8)
Severe (9-20)

≤6, 7, ≥8
Yes versus no

Symptoms



A cross-sectional snapshot
Linear regression
 Inverse probability weighted to control for oversampling of women 

who developed cancer
 Adjusted for matching factors, BMI, smoking, time since 

menopause, type of MHT
 Stratified by MHT use
 Geometric mean hormone levels (dependent variables)
 Percent differences in means

Geometric mean concentration

Symptom not present Symptom present % difference in 
means

Hormone 1 Mean (95% CI) Mean (95% CI) % diff (95% CI)



Never/former MHT users Current MHT users

N Unweighted 
%

Weighted 
% N Unweighted 

%
Weighted 

%

Sleep disturbance (severe) 275 31.4 33.1 244 27.9 25.9

Hours of sleep (<6 hours) 311 34.7 34.5 258 29.3 31.1

Hours of sleep (≥8 hours) 246 27.5 28.5 251 28.5 28.4

Hot Flashes 234 26.1 25.6 145 16.5 19.6

Night Sweats 226 25.3 27.4 176 20.0 23.4

Prevalence of sleep and vasomotor symptoms
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Sleep 
duration
in non-MHT 
users

Parent Androgens Hours of sleep (≤6 
hours)

Hours of sleep (≥8 
hours)

Dehydroepiandrosterone (DHEA) 1.8 (-11.6, 17.1) 18.1 (0.9, 38.2)
Dehydroepiandrosterone sulfate 
(DHEAS) 3.3 (-13.7, 23.7) 16.2 (-3.2, 39.5)

Androstenedione -1.2 (-11.2, 10.9) 7.6 (-4.0, 20.5)
Testosterone -12.5 (-23.6, 0.2) 2.5 (-12.8, 20.4)
5α reductase Path
5a-androstanedione -7.8 (-18.1, 3.8) 2.0 (-9.8, 15.2)
Dihydrotestosterone (DHT) -2.9 (-12.8, 8.2) 10.6 (-3.3, 26.5)
Dihydrotestosterone sulfate (DHTS) 7.8 (-6.6, 24.4) 5.2 (-11.5, 24.9)
Androsterone (ADT) -8.1 (-15.7, 0.2) 6.4 (-2.7, 16.3)
Androsterone glucuronide (ADTG) -2.0 (-17.9, 16.9) 16.4 (-5.6, 43.4)
3a-diol-3G -3.8 (-19.0, 14.2) 22.5 (0.8, 49.0)
3a-diol-17G -12.2 (-24.4, 2.0) 20.8 (1.4, 43.8)
Parent Estrogens
Total Estrone -7.4 (-20.5, 7.9) 0.5 (-12.8, 15.9)
Unconjugated Estrone -5.2 (-15.8, 6.7) 6.0 (-5.4, 18.9)
Total Estradiol -14.2 (-25.7, -0.8) 1.9 (-12.7, 18.9)
Unconjugated Estradiol -20.8 (-33.9, -5.1) 3.0 (-13.5, 22.7)
2-Hydroxylation Path
Sum: 2-Hydroxylation path -6.75 (-16.79, 4.49) -2.62 (-12.99, )
4-Hydroxylation Path
Sum: 4-Hydroxylation path -3.68 (-14.43, 8.42) -5.28 (-15.92, 6.71)
16α-Hydroxylation Path
Sum: 16a-Hydroxylation path -5.81 (-18.28, 8.56) -6.05 (-18.14, 7.83)
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Parent Androgens Hours of sleep (≤6 
hours)

Hours of sleep (≥8 
hours)

Dehydroepiandrosterone (DHEA) -2.1 (-16.9, 15.3) 8.3 (-8.0, 27.4)
Dehydroepiandrosterone sulfate 
(DHEAS) -7.4 (-23.7, 12.3) -1.88 (-20.4, 21.0)

Androstenedione -1.9 (-14.4, 12.4) 7.7 (-5.0, 22.1)
Testosterone -2.7 (-16.5, 13.4) 7.0 (-7.6, 23.8)
5α reductase Path
5a-androstanedione 9.5 (-4.6, 25.8) 9.5 (-4.5, 25.6)
Dihydrotestosterone (DHT) 0.1 (-10.8, 12.3) 2.4 (-8.3, 14.4)
Dihydrotestosterone sulfate (DHTS) 0.8 (-14.2, 18.4) -7.0 (-20.5, 8.9)
Androsterone (ADT) -0.2 (-8.3, 8.8) -0.6 (-8.5, 8.0)
Androsterone glucuronide (ADTG) -0.7 (-19.6, 22.6) 10.3 (-12.4, 39.0)
3a-diol-3G 2.2 (-15.5, 23.6) 12.7 (-7.3, 36.9)
3a-diol-17G 19.2 (0.2, 41.9) 22.0 (1.6, 46.6)
Parent Estrogens
Total Estrone -11.2 (-31.0, 14.4) -29.9 (-45.5, -9.9)
Unconjugated Estrone -8.9 (-25.6, 11.6) -16.4 (-31.6, 2.2)
Total Estradiol -20.7 (-37.7, 1.0) -29.3 (-44.1, -10.5)
Unconjugated Estradiol -6.0 (-24.9, 17.7) -8.3 (-25.6, 13.2)
2-Hydroxylation Path
Sum: 2-Hydroxylation path -9.2 (-24.7, 9.4) -17.9 (-31.1, -2.3)
4-Hydroxylation Path
Sum: 4-Hydroxylation path -6.2 (-22.4, 13.4) -16.6 (-30.4, -0.1)
16α-Hydroxylation Path
Sum: 16a-Hydroxylation path -5.4 (-23.7, 17.5) -15.1 (-31.8, 5.7)

Sleep 
duration
in MHT 
users



Sleep disturbance construct
No clear relationship between sleep disturbance construct and hormone levels, 
regardless of MHT use

Trouble falling asleep 5+ nights/week
 MHT users and non-users: lower concentrations of androgens and estrogens 

(-20 to -70%)



Parent Androgens
Never/Former MHT Users Current MHT Users

Hot flashes Night sweats Hot flashes Night sweats 

DHEA
-1.8 (-15.8, 

14.6)
-2.0 (-15.7, 

14.0) 18.7 (-0.6, 41.6) 11.9 (-3.3, 29.5)
Androstenedione 0.6 (-9.9, 12.4) -2.2 (-12.5, 9.4) 5.8 (-8.4, 22.2) 5.5 (-6.3, 18.8)

Testosterone 4.9 (-9.2, 21.2)
-1.2 (-14.9, 

14.7) 3.2 (-10.5, 19.1) 3.8 (-9.2, 18.6)
5α reductase Path
DHT 4.5 (-7.9, 18.5) 5.9 (-6.2, 19.7) 6.0 (-6.2, 19.8) -2.9 (-13.5, 9.1)
DHTS -9.6 (-22.4, 5.2) -9.4 (-23.1, 6.7) -2.7 (-19.2, 17.2) 5.5 (-9.6, 23.1)
ADT 0.1 (-7.8, 8.8) 2.3 (-5.9, 11.3) 5.1 (-4.3, 15.4) -4.0 (-11.4, 4.1)
ADTG 2.6 (-16.3, 25.7) 21.7 (0.2, 47.9) 33.6 (6.1, 68.3) 33.1 (10.7, 60.1)

3a-diol-3G
-0.4 (-17.4, 

20.2) 16.9 (-3.7, 42.0) 21.9 (-0.6, 49.4) 22.9 (3.0, 46.7)
3a-diol-17G 3.9 (-12.8, 23.8) 16.5 (-2.2, 38.7) 26.5 (2.4, 56.2) 32.1 (10.9, 57.3)
Parent Estrogens
Total Estrone -7.5 (-19.9, 6.9) -8.2 (-20.8, 6.5) -29.8 (-48.9, -3.7) -1.2 (-25.1, 30.2)
Unconjugated Estrone -5.0 (-15.3, 6.4) -8.3 (-18.8, 3.5) -23.2 (-40.3, -1.3) -8.2 (-25.6, 13.3)

Total Estradiol -3.0 (-16.4, 
12.6) -9.1 (-21.3, 4.9) -28.8 (-47.9, -2.6) 0.5 (-23.6, 32.2)

Unconjugated Estradiol -5.6 (-20.7, 
12.4) -6.9 (-21.9, 11.1) -19.5 (-38.3, 4.9) -4.7 (-24.2, 19.7)

2-Hydroxylation Path
Sum: 2-Hydroxylation 
metabolites -6.8 (-16.3, 3.8) -9.5 (-18.4, 0.3) -20.9 (-36.4, -1.5) -5.7 (-22.1, 14.1)

4-Hydroxylation Path
Sum: 4-Hydroxylation 8 5 ( 18 1  2 3) 8 9 ( 18 0  1 1) 19 0 ( 35 1  0 9) -3.19 (-20.5, 

Vasomotor
symptoms



It’s more than just “estrogen”
Higher glucuronidated androgens and lower methoxy-E1 and E2 metabolites 
were the most consistent hormone differences across symptoms

MHT users reporting symptoms often had lower levels of estrogens
 Not getting enough from MHT for symptom relief?
 Over producing some glucuronidated androgens?

Relationship between hormones and each sleep symptom likely unique

Peripheral androgen metabolism merits investigation



Where from here?
Urogenital symptoms

Do some women have unique hormone metabolism before 
menopause? Is that predictive of subsequent symptoms?
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Endogenous Hormones, Cognition, and 
Risk of Dementia in the WHI
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Today I’m excited to present work we have led on endogenous hormones, cognition, and risk of dementia in the WHI. 






2/3 of persons with diagnosed dementia 
are women

Presenter
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2/3 of people diagnosed with dementia are women
Given this, there is a strong need to better understand sex-specific risk factors in relation to brain health
But, whether postmenopausal levels of endogenous sex hormones are associated with later-life brain health is unclear





Exogenous Hormone Therapy and Cognition

• Evidence of adverse associations between exogenous E+P HT use and 
cognitive outcomes in WHIMS

• Previously…
• Box warning on all E HT and E+P HT reporting increased risk of “endometrial cancer, 

cardiovascular disorders, breast cancer, and, in women older than 65 years, probable 
dementia”

• Generally, an increased interest in whether HT impacts long-term dementia 
risk

Espeland MA et al. JAMA Intern Med. 2013;173(15):1429-1436; Wittes J et al., JAMA 2026; 
335;(14):1201-1202.
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As we know from the Women’s Health Initiative Memory Study (WHIMS), there is evidence of an adverse associations between exogenous E+P HT use and cognitive outcomes in WHIMS
Even stronger need to understand associations between endogenous hormones and cognition given growing interest 



Endogenous sex hormones and brain health?
• Associations between endogenous sex hormones and brain 

health are poorly understood

• In postmenopause:
• Estrogen concentrations drop
• Adrenal androgen production remains relatively intact
• SHBG (which binds to both estrogen and testosterone) increases in 

the later postmenopausal years

• Evidence suggests: 
• Estrogen and androgen receptors are present in the brain
• Associations between endogenous estrogens and brain health are 

inconsistent
• Some suggest an inverse association and others report no association

Xu Q et al., Front Aging Neurosci. 2024;16:1356791; Yaffe K. et al., Neurobiology of Aging. 2007; 28(2):171-178; Sultana F et al., 
Climacteric. 2003; 26(2):121-128; Koyama AK et al., Alzheimer’s & Dementia. 2016;12(7):758-765.; Henderson et al., Proc Natl Acad 
Sci USA. 2013; 110(50):20290-20295.
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We know that endogenous hormone levels change, with estrogen levels dropping, adrenal androgen production remaining relatively intact in comparison, and SHBG, which binds to both estrogen and testosterone, increasing in the later postmenopausal years.




Mechanism through cardiometabolic 
disease?
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We think that hormones are potentially big contributor to differences
Our area of interest is sex hormones and brain health, with looking at CV health as intermediate- mention future grant here
Mention we think other possible mechanism is direct arrow hormones to brain health
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Study Objectives
• Primary Objective: Among postmenopausal women, to evaluate associations between sex 

hormone binding globulin (SHBG) and endogenous estradiol (E2) and:
 (a) cognition over time; 
 (b) risk of mild cognitive impairment (MCI) and probable dementia (PD).

Hypothesis: Among postmenopausal women, lower levels of E2 and SHBG will be 
associated with: (a) greater change in cognition over time; and (b) greater risk of 
incident MCI or PD.

• Secondary Objective: To evaluate the association between total testosterone (T) and: (a) 
cognition over time and (b) risk of MCI/ PD.

Presenter
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Explain why this is secondary (subsample etc)



Study Design and Population
Setting: Women’s Health Initiative Memory Study (WHIMS) (n=7479)

Presenter
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Use this slide to discuss inclusion / exclusion criteria

First box – mention exclusion of hormones from other labs



Exposure and Outcome
• Exposure

• Baseline (pre-hormone therapy randomization) endogenous levels of SHBG, E2, and total T 
• Measured by immunoassay at the Reproductive Endocrine Research Laboratory (University 

of Southern California, Los Angeles, CA, USA)

• Outcome
• Cognition measured by the Modified Mini Mental State Exam (3MSE)

• Annually between WHI baseline in 1995-1998 and 2007
• Adjudicated MCI and PD diagnoses 



Statistical Analyses
• Linear mixed effects models

• Evaluate the association between baseline E2, SHBG, and T levels (by quartile) and 
change in 3MSE over time, adjusted for confounders 

• Cox proportional hazards models
• Evaluate the association between log-transformed E2, SHBG, and T levels at baseline and 

risk of MCI or PD, censoring at death and loss to follow-up



Results: 
Baseline Characteristics by Baseline SHBG



Results: SHBG and 3MSE

*Models adjusted for hormone therapy (HT) trial arm, age, age at menopause, BMI, 
ancillary study, physical activity, alcohol, education, smoking, cardiovascular 
comorbidities; p-value from log-transformed SHBG*time = 0.004



Results: E2 and 3MSE

*Models adjusted for hormone therapy (HT) trial arm, age, age at menopause, BMI, 
ancillary study, physical activity, alcohol, education, smoking, cardiovascular 
comorbidities; p-value from log-transformed E2*time = 0.880



Results: T and 3MSE

*Models adjusted for hormone therapy (HT) trial arm, age, age at menopause, BMI, 
ancillary study, physical activity, alcohol, education, smoking, cardiovascular 
comorbidities; p-value from log-transformed T*time = 0.737



Results: Incident MCI / PD Risk

*M1: Age adjusted, stratified by HT trial arm (Cox Strata procedure); M2: M1 + adjusted for age at menopause, 
BMI, ancillary study, physical activity, alcohol, education, smoking, cardiovascular comorbidities 



Results: Total T and MCI/PD Risk

*M1: Age adjusted, stratified by HT trial arm (Cox Strata procedure); M2: M1 + adjusted for age at menopause, 
BMI, ancillary study, physical activity, alcohol, education, smoking, cardiovascular comorbidities 
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Strengths and Limitations
Strengths

• Large cohort of older women with adjudicated MCI and PD as 
well as repeated 3MSE measures

• Prospective study design
Limitations

• Hormones were measured by immunoassay, and at one time 
only (baseline)

• Not generalizable to pre/peri-menopausal women 
• Total testosterone measured in smaller sample



Conclusions
• Important relationship between higher SHBG, worse cognition, and greater 

MCI/PD risk among postmenopausal women suggested
• Potential pathways through which SHBG may impact cognition include 

regulation of bioavailable sex steroids or through impact on other metabolic 
factors



Future Directions
• Ongoing sensitivity analyses include models adjusted for multiple hormones, 

APOE4 status, and stratified by HT arm / history of exogenous hormone use
• Future directions include evaluation of androgens and SHBG over time in 

relation to cognition and MCI/PD risk in larger sample (related ancillary study 
in progress)

• Analyses investigating endogenous sex hormones and CVD (existing ancillary 
study 758)

Presenter
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Related ancillary study proposal in progress for R01 submission to NHLBI or NIA in 2026
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Thank you!
Questions?

Contact: 
tracy.madsen@uvm.edu

laura.b.harrington@kp.org
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