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Introduction

Age aMmrnppassandrbisgesegRiphic regions

 Menopause is a key marker of
women’s reproductive aging,
strongly linked to chronic disease,
functional decline, and mortality*2.

. Desi[_)tite its importance, menopause
is often treated as a discrete,
well-defined event in population
studies.

« However, the menopausal transition
is heterogeneous, time-varying,
and not always clearly
observeds3-4,

Measurement is often inconsistent,
incomplete, and context-dependent.

1Davis et al., 2015, 2Liu et al., 2026, 3Laisk et al., 2019, 4Schoenaker et al., 2014 2



The stages of reproductive aging in

WOIIEI

Regular menstrual cycle

e Low FSH
e Low AMH
e Low antral follicle count

Subtle changes
in flow/length
of menstrual
cycle

Regular menstrual cycle

Variable to
regular menstrual
cycle

e Variable FSH

° Low AMH

e Low inhibin B

e Low antral
follicle count

Menstrual cycle of
variable length,
persistent =7-day
difference in length
of consecutive
cycles

¢ Variable but
elevated FSH*

° Low AMH

° Low inhibin B

e Low antral follicle

count

Interval of amenorrhoea

e Variable but

e FSH stabilizes

Vasomotor symptoms likely

symptoms most
likely

260 days elevated FSH * Very low AMH
o Low AMH e Very low inhibin B
o Elevated >25 IU/l FSH** e Low inhibin B ¢ Very low antral
* Low AMH * Very low antral follicle count
e Low inhibin B follicle count
° Low antral follicle count . . :
I Vasomotor Increasing

symptoms of

urogenital atrophy

.\Early Peak Late y \Early Late Y, T N Early Latej
Reproductive Menopausal transition Postmenopause
T Variable duration FMP (0)
- /
Menarche Perimenopause
Variable T g ) Remaining
duration 1-3 years 2 years (1+1) 3-4 years lifespan

Harlow et al. 2012. Menopause.

Nature Reviews | Disease Primers



The stages of reproductive aging in
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Menopausal Status (0/1)

Premenopausal Postmenopausal
Early Peak Late  Early Late ) T \ Early Late
Reproductive Menopausal transition Postmenopause
T Variable duration FMP (0)
. /
Menarche Perimenopause
Variable T g Y, Remaining
duration 1-3 years 2 years (1+1) 3—4 years lifespan

Ages ~45-55




The stages of reproductive aging in
women

Mcnapausallsmtus (0/1) Perimenopause Symptoms
oa Insomnia, fatigue, & sleep
L- changes
Pre Menopausal Post Menopausal

Mood swings, depression, &
anxiety

Early Peeak Late Ealy ___Late ’ Early Late @ Hormone fluctuations, weight

[‘ IHR-T::'DEII;:-:'_:!\': Menopausal 1|'an5|t|u::r1l.:1; - Fostmenopause gain, & metabolic changes

Menarche Perlmenopause

&
Foenmmainirg
L voars lifespan

Variable
duration 1-3 years 2 yaars (1+1)

5
'& Hot flashes, night sweats, & chills

O’Neill et al., 2012, Santoro et al., 2021 5



Why measuring menopause 1s
challenging in midlife

Single event

Retrospective measurement

Discordance among indicators

Reporting variation (studies)

Variation in cases (surgery/
hormones)




Multi-wave reproductive histories in Add
Health

~—— Reproductive History ——

Early Life
Grades 7-12 Age 18-26 Age 33-43
Stephanie Koning, PhD Ade at
Wave | Wave IlI Wave V University of Nevada Reno @ e arche
1994-1995 2001-2002 2016-2018 School of Public Health
\‘,S Puberty
<z
@ o
Reproductive Years
Wave || Wave IV Wave Vi P
1996 2008-2009 2022-2025 % (T Compications)
Grades 8-12 Age 24-32 Age 39-57 A Parity
‘ ’ (Timing, Birth outcomes)
Reproductive Life Course E 7 7 pathology
Late Life
Early Life Reproductive Years Late Life j————p
Menopause
‘\7/] (Status/Type/Timing)
\ J

Offers an unparalleled opportunity to trace women’s reproductive experiences
from menarche through menopause.

Harris et al. 2019



Substantial variation in menopausal

status and pathways at midlife

-

m

Wave VI
n = 6,712
Mean age = 44.1 years

\_

Menopausal Status

n= 6,712

Postmenopausal (hormones) 40.7%

Postmenopausal - 15.3%

Perimenopausal § 4 13.0%

Premenopausal _ =i
o T T T

20% 40% 60% B0%

Endometrial Ablation

Menopausal Pathway \

8.3%

Radiation or Chemo 2%

Surgical

Natural

0%

n =999

64.7%

20%

40%

60%

WD/

Q: Have your natural menstrual periods ceased permanently?
Q: For what reason did your periods cease?

Midlife menopause is heterogeneous, reflecting diverse reproductive trajectories.



Bleeding 1s an imperfect proxy for
menopause

Clinical definition of menopause:12 consecutive months of amenorrhea in the absence
of pregnancy, pathology, or intervention.

No bleeding related Missing menopause
challenge status
Postmenopausal
Current hormone use (hormones) Keidioiiis
. Never menstruated
Hysterectomy, ovaries Postmenopausal . Hystereclomy only / unclear ovaries
may remain B sirateral cophorectomy
. [l curenthormone use
Bilateral oophorectomy Perimenopausal
Never reported Premenopausal
menstruating
- - - - 0% 20% 40% 60% 80% 100%
0% 20% 40% 60% " ,
: Parcent of Women Within-status proportion
Bleeding does not always reflect Menopausal status mixes
ovarian function biologically different situations



Misclassification of menopausal status

(—[ Reproductive History [——

Early Life Primary source of menopausal classification inconsistency
Age at
i ". menarche
~ Postmenopausal |
(hormones)
S\ Puberty
7
Reproductive Years Postmenopausal ' 1 Mo obvious discrepancy
o . Mensirual hislory conflicl
Pregnanc i .
? (Timi%g, Com);alications) Menapause liming conflicl
Surgical hislary complicales classilicalion
A Parity Perimenopausal - . Missing or unverifiable liming
(Timing, Birth outcomes)
¢
Pathology Premenopausal | -
Late Life
Menopause 0% 20% ; _4':!‘.“-": 60 ; B0%% 100%
T (Status/TypefTiming) Within-status proportion
\. J
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Misclassification of menopausal status

~—— Reproductive History |——

Early Life / \
N Ageat Co-occurring sources of classification uncertainty
P menarche
Postmenopausal Postmenopausal (hormones)
S\ Puberty
7, Surgical history complicates classification
Missing or unverifiable timing
Reproductive Years
Menstrual history conflict
@
? Pregnancy Menopause timing conflict
(Timing, Complications) Menopause cause conflict
o EI:}": 26"% 4(;'% 6(3"% EI:}": 2'3."?1: 413.1‘?1: GCI"T-’.:

‘M’ Frlangll% Birth outcomes) k Percent within status group /

v Pathology

Late Life

Menopause
X Status/T ype/Timing)

In midlife populations, menopausal status is
difficult to measure reliably.

11



Reproductive hormones as a biomarker for
understanding the menopausal transition

e Low FSH
e Low AMH
¢ Low antral follicle count

e Variable FSH

o Elevated >25 U/l FSH**
e Low AMH
e L ow inhibin B

¢ Variable but
elevated FSH

e Low AMH

e Low inhibin B

* Very low antral
follicle count

e FSH stabilizes

* Very low AMH

¢ Very low inhibin B

° Very low antral
follicle count

e Low AMH , ° Low antral follicle count
* Low inhibin B e Variable but
° Low antral elevated FSH*
follicle count o Low AMH
e Low inhibin B
e Low antral follicle
count
. Stage .
l —3 —4 —3D0 — -7 = .J. 1D 1c -7 ) .__;f‘»
- J J y ~
. Early Peak Late ) \Early Late ) T N Early Latej i
Reproductive Menopausal transition Postmenopause
T Variable duration FMP (0)
.
Menarche Perimenopause
Supportive criteria Variable T N y Remaining
duration 1-3 years 2 years (1+1) 3—4 years lifespan

Nature Reviews | Disease Primers
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Count

Age at menopause varies depending on
the pathway

A Natural Menopause B Non-natural Menopause
1 1 1 |
] I:l Early menopause : 1 l I : : 1| :
1 1 1 |
L 19% . I . ,48%, | :
|:| Avg menopause I 1 [ I &0 4 i i i y
204 1 1 1 I I 1 | I
i 1 I | 1 | [ I
I | 1 | | 1 | I
i i ! | ; i i 1 Reason
154 i 1 1 I i 1 | i
! : ! : E 40 1 | 11 | Endometrial Ablation
2 I i | I o
I 1 1 |
104 i s : | & : : 1| : Radialion or Chemo
: : : : I i [ [ surgical
I 1 i I 20 1 :. : : :
e I 1 1 | l 1 1 I
1 1 1 I 1 1 [ I
I I I I I i i I
I 1 1 I 1 1 | I
0 i i I I nd i i i I
rﬁ ] Iﬁ { 1 T ! v T T } I I T !
10 20 30 40 50 10 20 a0 40 50
Self-reported age at menopause Self-reported age at menopause

Age at menopause varies by pathway and can be sensitive to how it is
measured and reported.

Freaney et al., 2026, Zhu et al., 2019 13



Additional sources of measurement

uncertainty

Follicular Perovulatory Luteal

Mensbrual Mlid Faollicular Luteal Mich Pre-mensirual

1 2 3% 4 5 & 7 B 89 10 11 12 1% 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28
Menses Days in Idealized Menstrual Cycle

= = = Progesterone (ng/mL) ............ Lutenizing Hormone (mllmL) Estradiol (ng/mL) Follicular Stimulating Hormone (mLUimL)

Changes in cycle length and
variability

Draper et al., 2018, Monteleone et al., 2018

Central nervous system Skin, mucosal and hair changes
* Vasomotor symptoms * Reduced skin thickness

* Sleep disruption P  Reduced elasticity

¢ Depression and anxiety /3 * Reduced hydration

* Cognitive changes : ! ¢ Increased wrinkling

* Migraine * Hair loss

Weight and metabolic changes
* Weight gain

* Increased visceral adiposity

* Increased waist circumference

Sexual function
* Decreased sexual desire
* Dyspareunia

Urogenital system

* Vaginal dryness

 Vulvar itching and burning

© Dysuria

* Urinary frequency

* Urgency

¢ Recurrent lower urinary
tract infections

Musculoskeletal system
* Joint pain
© Sarcopenia

Nature Reviews | Endocrinology

Vasomotor and other secondary
symptoms

14



Approaches to measuring menopause
also vary across studies

é R é N 4 ™\
SeS oZ® ° 0
m Ages ~40s-50s m Ages ~50s-60s m Ages ~50s-80s
= ﬂ What is your = u Have you finished <= . How old were you
menopausal status? going through uﬂ when you last had
| " menopause? " any menstrual
bleeding?
N SWAN — HRS — WHI
LGRS RN | Pre-menopausal Post-menopausal

Peri-menopause
(menopausal transition)
Age 40 Age 80+
15

Menopausal Status (0/1) Khoudary et al., 2019, Fisher & Ryan 2018, PMID: 9492970




Beyond bleeding: improving measurement of
the menopausal transition

Cycle Regularity & Timing

e Changes in cycle length or
regularity

¢ Missed periods

¢ Age of onset

* Bleeding is an imperfect proxy for
biological menopause

e Misclassification 1s common and

differs across groups and pathways. 1 Vasomotor Symptoms
. . . . : Hiot flass\’t;eeas;)rchills
 Early midlife cohorts like Add @D - Friauency, severty, duration

¢ Age of onset

Health provide a unique opportunity
to study this prospectively.

Mood, Sleep, & Somatic Symptoms

e Mood swings
¢ Depression or anxiety

0 symptoms
¢ Sleep disruptions or insomnia
° ° ° ° ¢ Weigh i
A unified, multi-dimensional B0 on hangus

measurement approach is needed.




Future directions

« Incorporating reproductive hormone
measures (AMH, FSH, E2) to better define
the menopausal transition.

« Development of a new comprehensive
reproductive health survey instrument.

i
]
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