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What | want to talk about

* Apoptosis and the ovary
* Endocrine changes

* Neurological changes

* Bone and joint changes
* Urogenital changes

* Cardiovascular changes
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Apoptosis and ovarian reserve

* During fetal life, apoptosis primarily involves the
oocyte

* After birth, and in adult life, it involves primarily
follicular granulosa cells, although oocytes in
primordial follicles may also be affected

* 99.9% of follicles present at birth never reach the
stage of ovulation, but undergo atresia

* The reduction in oocyte complement < 38 years is
due to both oocyte loss and accelerated follicular
growth; in women > 38 years it is solely due to faster
initiation of growth
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STRAW + 10 Staging System for Reproductive Aging

Menarche FMP (0)
Stage -5 | -4 [ -3b | -3a -2 [ -1 +1a|+1b [ +1c | +2
Terminology REPRODUCTIVE MENOPAUSAL POSTMENOPAUSE
TRANSITION
Eary | Peak |Late Early | Late Early Late
Perimenopause
Duration variable variable 1-3 years 2 years | 3-6 years | Remaining
(1+1) lifespan
PRINCIPAL CRITERIA
Menstrual Variable Regular | Regular | Subtle VVariable Interval of
Cycle to regular changes in | Length amenorrhea
Flow/ Persistent of >=60
Length 27- day days
difference in
length of
consecutive
cycles
SUPPORTIVE CRITERIA
Endocrine
FSH Low Variable* T Variable* T =25 U™ TVariable Stabilizes
AMH Low Low Low Low Low Very Low
Inhibin B Low Low Low Low Very Low
Antral Follicle Low Low Low Low Very Low Very Low
Count
DESCRIPTIVE CHARACTERISTICS
Symptoms Vasomotor | Vasomotor Increasing
symptoms symptoms symptoms of
Likely Most Likely urogenital atrophy

SOCIETE CANADIENNE DE MENOPAUSE

z :G CANADIAN MENOPAUSE SOCIETY

16th WCM
Pre-Congress Workshop

Harlow SD et al. J Clin Endocrinol Metab 2012:97:1159-68

International I MS}

Menopause Society

Promoting education and research on midlife women's health




What | want to talk about

* Endocrine changes
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Daily hormone levels in women in mid-reproductive age and older reproductive age
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Days to Mid-Cycle

Santoro N et al. J Clin Endocrinol Metab 2003;88:5502-9
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Age and menstrual cycle length
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| Treloar et al. Int J Fertil 1967;12:77-126
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Trajectory of E, changes (SWAN)
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Tepper PG et al. J Clin Endocrinol Metab 2012;97:2872-80
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FSH, Inhibin-B, AMH levels
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70 - : MRA - Mid reproductive age
I 607 LRA - Late reproductive age
S 50 ° g EMT — Early menopause transition
;;’ 40 - 8 | LMT — Late menopause transition
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E 60
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DHEAS (ug/dL)

118

DHEA-S levels (SWAN)

116 -
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Significant pairwise differences:
Early peri vs. late peri (p=0.0027)
Early peri vs. early post (p=0.0119)
Late peri vs. late post (p=0.0275)
Early post vs. late post (p=0.0133)
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Pre Early peri Late peri Early post Late post
Crawford S et al. J Clin Endocrinol Metab 2009;94:2945-51
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What | want to talk about

* Endocrine changes
* Neurological changes
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Changes in neurological function associated with menopause

Executive function Sensory Default mode network,
and working memory integration working memory,
ER-q, ER-B ER-B, GPER task prepgration
] ER

* Change in cognitive function Ve —

OH

* Mood change (chiefly Ho

17p-estradiol

depression) O D

. ms cingulate
[ ) I r n T N1 ——~ ( Hippocampus
earning Basal
and memory forebrain Q
w Information processing
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Death from neurological or mental disease in women with
surgical menopause <45

Survival (%)

Women at risk (n)
Bilateral oophorectomy
Referent
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Age (years)
338 200 82 10
1,014 571 228 49
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Hazard ratio 5.24
95% Cl 2.02-13.6
P <0.001

Rivera CM et al. Neuroepidemiol 2009;33:32-40
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Mechanisms of estrogen neuroprotection

[a)

B

Genomic ( Non-genomic ) Antioxidant Mitochondrial
Signaling Signaling Functions Bioenergetics
T b g T
I 1 p ” N [ I “
'r Anti-Apoptotic ¢ Pro-Apoptoﬂc 1‘Pro-SurvivaI Scavenges Free- sb NADPH Maintains Sufficient
Genes Genes ERK and PI3K-Akt Radicals Oxidase Activity Neuronal ATP
4 ” N
{, Pro-Apoptotic
J NK-c-jun PathwayJ
Neuroprotection
—
Scott E et al. Front Neuroendocrinol 2012;33:85-104
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Change in cognitive function across menopausal transition

Adjusted z-score
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Cogmtlve Composites Weber MT et al. Menopause 2013;20:511-17
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Change in verbal memory across menopause
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403 women monitored over 14 years

Immediate verbal memory
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Epperson CN et al. J Clin Endocrinol Metab 2013;98:3829-38
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Cognitive aging in mid-life women (SWAN)

2124 participants, average age 54, followed for a median 6.5 years
* Cognitive speed declined by a mean of 4.9% over 10
years

* \Verbal episodic memory (delayed testing) declined by
a mean of 2% in 10 years

* Working memory and verbal episodic memory
(immediate testing) did not decline significantly

* Possible interventions to slow cognitive aging in these
domains were not identified in this study

Karlamangla AS et al. PLoS One do0i:10.1371/journal/pone.0169008
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peri vs pre

peri vs post
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Depressive symptoms in perimenopause Vs
premenopause and postmenopause: a meta-analysis

Study name

Chedraui et al., 2009
Joffe et al., 2002
Bromberger et al., 2010
Bromberger et al., 2010
Cohen et al2006
Freeman et al., 2006
Juang et al., 2005
Total

Chedraui et al., 2009
Joffe et al., 2002
Dennerstein et al., 2004
Nappi et al., 2010
Juang et al., 2005
Brown et al., 2014
Total

Odds
ratio

2,753
2,125
1,350
1,680
1,800
5,440
2,154
2,001

1,609
1,083
1,385
0,754
0,377
1,376
1,076

Statistics for each study

Lower
limit

1,423
1,039
1,136
1,281
1,006
2,557
0,797
1477

0,871
0,563
0,468
0,310
0,150
0,875
0,737

Odds ratio and 95 %CI

p-Value

—

0,003 H
0,039 jr———
0,001 i
0,000 -+
0,048 .
0,000 —_——
0,131 @
1

0,000
01 02 05 2 5 10

0,129 _‘E—
0,810 '

0,556 *
0,534 "

0,038 -
0,167 -

0,704 @

.

De Kruif M et al. J Affect Disord 2016;206:174-80

Upper Z-Value
limit
5,323 3,009
4,346 2,065
1,604 3,408
2,202 3,755
3,220 1,981
11,575 4397,000
5,822 1,512
2,711 4,477
2,973 1,519
2,083 0,240
4,093 0,588
1,833 -0,623
0,949 -2,070
2,163 1,384
1,571 0,379
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Prevalence of sleep difficulty across the

menopausal transition (SWAN)

60%
50% ®
40% === B
"
30% .
’ |

20% =
10%

0%

Premenopausal Early peri Late peri Post Post-surg
- ¥ -trouble falling asleep —& - waking several times

—&— waking up early

Kravitz HM, Joffe H. Obstet Gynecol Clin North Am 2011;38:567-86
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Neurological symptoms in the menopausal transition

Asymptomatic
20%

Perimenopause —

80%

—
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Symptomatic |

Hot flushes 70%

Only hot flushes 30%

Cognitive dysfunction
Cognitive dysfunction + insomnia
Cognitive dysfunction + mood changes

Cognitive dysfunction + insomnia
+ mood changes

Insomnia

+— Insomnia + mood changes

Insomnia + suicidal ideation

Insomnia + depression + mood changes
Depression

Depression + mood changes

Depression + mood changes
+ suicidal ideation

Mood changes

Brinton RD et al. Nat Rev Endocrinol 2015;11:393-405
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Vasomotor symptoms and LH levels
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Casper & Yen. J Clin Endocrinol Metab 1981:53:1056-8
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Neurokinin B m-RNA expressing neurons
before and after oophorectomy

Intact monkey Ovariectomized monkey

Rance NE et al. Front Neuroendocrinol 2013;34:211-27
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Postmenopausal changes in neuronal activity

Medial basal
hypothalamus

KISS|
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|_ Rance NE et al. Front Neuroendocrinol 2013;34:211-27
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KNDy neurons, GnRH neurons, and the heat-defence mechanism

Preoptic hypothalamus
Efferent neural pathways controlling
—
heat defence effectors

e\

Vasodilatation

Arcuate

-~
e
-
~..
-~
-~
-~
-
-

Signals from warm
sensors in the skin

“ea
-~
-~

\/ ' Estrogen
LH \ feedback

Rance NE et al. Front Neuroendocrinol 2013;34:211-27
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E By Menopausal Transition Stage at First VMS Report
1.0

0.94%"

Total duration of vasomotor symptoms (SWAN)

—— Premenopausal (n=183)

—— Early perimenopausal (n=700)

--------- Late perimenopausal (n=266)
Postmenopausal (n=291)

--=-= All participants (n=1449)

0.8
0.7 1
0.6
0.5
0.4

Proportion of Women

0.31
0.2
0.1

0

___________
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Total VMS Duration, y
Avis NE et al. JAMA Intern Med 2015;1754:531-9
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What | want to talk about

* Endocrine changes
* Neurological changes
* Bone and joint changes
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Vertebral osteoporosis
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Osteoclastogenesis and the RANK/RANKL interaction

BONE REMODELLING
(RESORBTION)
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Change in bone resorption (SWAN)

NTx = urinary type 1
collagen N-telopeptide

Years from final menstrual period

| Sowers MR et al. J Clin Endocrinol Metab 2013;98:2854-63
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Relative BMD (%)

(BMD at age 30

100%)

Bone loss rates for women
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Faulkner KG. J Clin Densitom 1998;1:279-85

International I MS)

Menopause Society

Promoting education and rescarch on midlife women's health




Risk factors for osteoporosis

Risk for low bone mass
Advanced age

Female sex

White or Asian race

Thin body build
(body-weigk
Early menopause
strogen deficienc
Istory
Chronic use of corticosteroids

Lifestyle: inadequate calcium
intake, cigarette smoking,
excess alcohol intake, or lack

S of physical activity

Risk for fracture

Existing fracture
Reduced BMD

Positive family history of
osteoporotic fracture

Advanced age
Smoking
Propensity to falls
Postural instability

Osteoporosis Society of Canada. Osteoporosis Update 1999
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Estrogen effects on articular tissues

Cartilage

* Increases PG production in chondrocytes

* Decreases NF-xB, iINOS, COX-2, ROS in
chondrocytes

* Regulates [Ca2+]i in chondrocytes

* Decreases cartilage damage in several animal
models

Subchondral bone
* Regulates bone growth and remodeling
* Regulates OB development and function
* Regulates matrix production and mineralization
* Reduces bone formation and prevalence of
total marginal osteophytes in OVX monkeys
* Decreases MRI-likehood of bone attrition in women

Muscle

* Promotes myoblasts proliferation and differentiation

* Decreases muscle cell apoptosis

* Reverses muscle contractile dysfunction in rats

* Decreases muscle atrophy and calpain levels in rats

* Enhances muscle performance and structure in women

Synovium

* Increased synovial levels of components of the IGF pathway
in OVX monkeys

* Reversed autoimmune arthritis developed in mice

* Decreased rheumatoid factor, anti-double-stranded
DNA, and anti-type Il collagen serum levels in mice

Ligaments

» Contrasting effects on ACL mechanical properties in
animal models

* High estrogen levels during the menstrual cycle have
been associated with ACL ruptures in young women

Roman-Blas JA et al. Arthritis Res Ther 2009;11:241-55
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Prevalence of osteoarthritis %

Men

20

80 -
Women

DIP

B & s T 20 0 60
Age (years) Age (years)

Van Saase JLCM et al. Ann Rheum Dis 1989;48:271-80






