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More men
than women

are born
every year in
the World...

Sex ratio at birth, 2017

Sex ratio at birth, measured as the number of male births per 100 female births. Birth ratios

Qur World
in Data

are slightly male-biased, with an expected biological ratio of 105 male per 100 female births.
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Sex ratio by age, World, 1950 Lo 2021
The sex ratio is measured as the number of men per 100 women. This is shown across
various life stages: from 15-year-olds to 100-year-olds.
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Adult lifespan

IS higher

for females

Lemaitre JF et al., PNAS, 2020 — &~ |
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Causes of death by frequency, EU, 2017
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The “frailty paradox

Gender and frailty interaction
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The chromosomal
theory does not
fully explain the
biological

differences
between males
and females In
survival and aging

Biological sex

Sex chromosomes
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HR of all cause mortality

HR of cancer mortality
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Early menarche
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exert an
additive effect
on all-cause

mortality

Maturitas, 2019
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Table 1

Prospective population-based cohort studies on DHEA/-S and all-cause mortality.

Reference

Cohort age at baseline

Follow-up time?

Association with mortality

Comments

Barrett-Connor et al. [5]

Barrett-Connor et al. [6]

Berr et al. [7]

Tilvis et al. [8]

Trivedi et al. [9]

Glei etal. [10]

Maggioet al. [11]

Cappola et al. [12]

Ohlsson et al. [13]

Forti et al. [14]

Haring et al. [15]

Rancho-Bernardo
50-79 yrs

n=242 ¢
Rancho-Bernardo
60-79 yrs

n=-2899

PAQUID

=65 yIs

n=266 o', 356 ¢
Helsinki Aging Study
75-85yrs

n=-150 o', 4219
Cambridge General Practice Study
65-76 yrs

n=963 o, 1171 ¢
Taiwanese cohort
54-91 yrs

n=963 o+
INCHIANTI

65-92 yrs

n=410 ¢
Cardiovascular Health Study
=65 yIs

n=-466 o, 484 ¢

MrOS Study in Sweden
69-81 yrs
n-2644 o

Conselice Study of Brain Aging
=65 yIs

n=416 ", 504 ¢

Framingham

69-81 yrs

n=254d"

12 yrs

12 yrs

2-4yrs

5Syrs

7.4 y1s

3yrs

Gyrs

Up to 17 yrs

4.5 yrs

gyrs

5and 10 yrs

t all-cause and CV mortality with
lower DHEA-S (o)

)

+» (DHEA-S vs all-cause and CV
mortality; ¢)

[ t all-cause mortality with lower
DHEA-Sin &

)

«=Ing
«» (DHEA-S vs all-cause and CV
mortality)

t all-cause and CV mortality with
\_lower DHEA-S in o'

< ingQ

DHEA-S, d" + ¢ pooled

(" (1) all-cause mortality with lower )

(" 4 all-cause mortality with lower
DHEA-S (')
(.

<> (DHEA-S vs all-cause mortality,
o' and " + ¢ pooled)

t all-cause and CV mortality with
lower DHEA and DHEA-S (o)

)

«» (DHEA-S vs all-cause mortality;
d=-9)

+ (DHEA-S vs all-cause and CV
mortality; o)

« No similar association in an
extended cohort with 19-yr
follow-up [58]

« No association in an extended
cohort with 19-yr follow-up [59]

« Similar results in 8-yr follow-up
[19]

« U-shaped trend in ¢

« No sex-specific analysis

« Trajectories, but not baseline
levels, of DHEA-S predicted
all-cause mortality

« U-shaped trend with baseline
levelsin g

« Association with CV, but not
cancer mortality

» Mass spectrometry-based assays
« Similar results with DHEA and
DHEA-5

« Neither trajectories nor baseline
levels of DHEA-S predicted
mortality

CV, cardiovascular.
* As defined by the authors.

Ohlsson C et al., J Steroid Biochem Mol Biol, 2015

There iIs an
associlation
between low

DHEA/-S

and risk of
death, at
least In

elderly men
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Estrogens exert
cytoprotective
and antioxidant

effects

Tower J et al., Redox Biol, 2020

Circulating
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L CREB oxidant?
‘ FoxOs .
Pro- [ \ . X A \ .’
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Oophorectomy MRNA expression
impairs

redox balance

i CAD GSH-Px GST
Controls Surgical Menopause

Blood GSSG/GSH Blood GSH (nmol/L) Blood GSSG (nmol/L)

mControls = Surgical Menopause Bellanti F et al., Redox Biol, 2013
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Estrogen-dependent

downregulation of
antioxidant enzymes
and mitochondria
may contribute
to neurodegeneration

In aged women

Lejri | et al., Front Aging Neurosci, 2018
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What I1s the contribution of testosterone In
neurodegeneration?
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DHEA DHEAS

DHEA and DEAHS
exert neuroprotective
and antioxidant effects

INn the brain

@.. - polymerized
depolymerized actin
actin

norepinephrine

Maninger N et al., Front Neuroendocrinol, 2008
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Expression of antioxidant enzymes
(SOD, CAT, GR, GPx, GST)

Males Females

Myocardium s 2 S B
Endothelial cells ¥ . 3
Smooth muscle cells JL 4

Estrogen could explain the lower
levels of cardiac oxidative stress

observed in females

Cruz-Topete D et al., Redox Biol, 2020

% of control

I

LA LONGEVITA DECLINATA AL FEMMINILE : '.

Testosterone retards cardiomyocyte

aging via AR-independent pathway
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Zhang L et al., Chin Med Sci J, 2013



SOCIETA ITALUANA A/ : B Y T NN INNA N LI IS Nl d
DI GERONTOLOGIA i \ g iR E =i PE T Rl %5 1.0, SRR R

LA LONGEVITA DECLINATA AL FEMMINILE

E GERIATRIA

1 Maschi contro Femmine: chi vive di piu, e perché?
\

2 Longevita e disparita sessuale: una questione di ormoni?

3 Invecchiamento, ormoni sessuali e bilancio redox

[

4 Ripristinare I'equilibrio redox nell’anziano: antiossidanti o
terapia ormonale sostitutiva?

AGENDA

/



Mortality in Randomized Trials
of Antioxidant Supplements for

Primary and Secondary Prevention
Systematic Review and Meta-analysis

Data Extraction We included 68 randomized trials with 232 606 participants (385
publications).

Conclusions Treatment with beta carotene, vitamin A, and vitamin E may incr
mortality. The potential roles of vitamin C and selenium on mortality need further stu

JAMA. 2007,297:842-857 WWW_jama.com

Figure 2. Intervention Effect of Anticaidant Supplements vs Placebo on Mostality in Trials With Low Risk of Bas
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Estrogen Replacement Therapy restores redox balance

A p <0.001 B
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C p<001 p=<0.001 D p<005 p<0.001 p<005 p<005
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Bellanti F et al., Redox Biol, 2013



Estrogen Replacement Therapy reduces mortality in younger women

Mean age < 60 years
Hormone replacement and total mortality

Study

Angerer 2000
Arrenbrecht 2002
Giske 2002
Guidozzi 1999
Hall 1994

Hall 1998
Komulainen 1999
Kyllonen 1998
Lindsay 1976
MacDonald 1994
Mijatovic 1998
Mosekilde 2000
Nachtigall 1979
PEPI 1995
Perez-Jaraiz 1996
Ravn 1999

Watts 2000

Total (95% CI)

Treatment
n/N

1/215
1/108
1/123

32 /62
3/37

0/40
1/115
1/52
1/63
1/22
0/13
4/502
3/84
3/701
0/26
0/ 110
1/303

53 /2576

Test for heterogeneity p = 0,99
Test for overali effect p = 0.03

Control Odds Ratio Weight Odds Ratio
n/N (95% CI1 Random) %Yo (95% CI Random)
r T T 1
0/ 106 }I 1.9 1.49 [0.06, 36.88]
0/53 - 1.9 1.49 [0.06, 37.27|
0/43 L 1.9 1.07 [0.04, 25.64]
41/68 —- 41.0 0.70 [0.35, 1.41)
3/16 ——— 6.7 0.38 [0.07, 2.14]
1/20 - 1.9 0.16 [0.01, 4.12)
2/ 115 — 34 0.50 [0.04, 5.54]
0/26 & 1.9 1.54 [0.06, 39.21]
1/57 2.5 0.90 [0.06, 14.78]
1/22 2.5 1.00 [0.06, 17.07]
1/13 — I8 0.31 [0.01, 8.30]
9/ 504 - - 14.2 0.44 [0.14, 1.44]
7184 ———t- 10.3 0.41 [0.10, 1.63]
0/174 i 23 1.75 [0.09, 34.01)
1/52 L 1.9 0.65 [0.03, 16.45]
1/109 L 3 1.9 0.33 {0.01, 8.12]
0/103 ] 1.9 1.03 [0.04, 25.39]
68 /1565 ( - 100.0 0.61 [0.39, 0.95] >
1 L 1 |
0.01 0.1 1 10 100

Favors Treatment

Favors Control

)

Mean age > 60 years

Hormone replacement and total mortality

Study

Binder 2001
Cherry 2002
Gallagher 2001
Herrington 2000
Hodis 2001
Hulley 1998
Mulnard 2000
Os 2000

Raz 1993
Recker 1999
Viscoli 2001
WHI 2002
Waters 2002

Total (95% C1)

Treatment
n/N

1741
32/513
1/121
11/204
0/ 111
130/ 1380
2/81
2/60
1/50
2/64
487337
231/ 8506
4/103

465/ 11571

Test for heterogeneity p = 0.98
Test for overall effect p = 0.7

Control
n/N

/22
39/504
1/123
6/105
1/111
123 /1383
0/39
1/58
0/50
1/64
41 /327
218/ 8102
2/108

433710996 ( »

Odds Ratio
(95% CI Random)

Weight

%o

L

0.2
7.8
0.2
1.7
0.2
273
0.2
0.3
0.2

0.3
9.1
519
0.6

Odds Ratio
{95% CI Random)

1.67 [0.07, 42.64]
0.79 {0.49, 1.29]
1.02 [0.06, 16.44]
0.94 [0.34, 2.62]
0.33 [0.01, 8.20}
1.07 [0.82, 1.36]
2.48 10.12, 53.00}
1.97 (0.17, 22.29]
3.06 [0.12, 76.95]
2.03 [0.18, 22.99]
1.16 [0.74,1.81]
1.01 [0.84, 1.22]
2.104 [0.38, 11.95]

100.0

1.03 [o@

0.01 0.1 1 10

Favors Treatment  Favors Control

100

Salpeter SR et al., J Gen Int Med, 2004
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Control, No. (%) Treatment, No. (%) %,

A (N=180,676) (N=189.676) RR (95% Cl) NNT P-value

AINDDsH : = : 14,920 (7.87) 6,260 (3.30) 0.42(0.40t0 0.43) 21.56 <0.001
% ADH{ : = : : 5,414 (2.85) 2,361 (1.24) 0.43 (0.41 to 0.46) 61.81 <0.001
o PD- i g 1,574 (0.83) 739 (0.39) 0.47 (0.43t0 0.51) 226.3 <0.001 ES t o g en
g Dementia5 : & : : 12,711 (6.70) 5,263 (2.77) 0.41(0.40t0 0.43) 25.22 <0.001
§ Non-AD dementia - ' 7,896 (4.16) 3,192 (1.68) 0.40 (0.39to 0.42) 40.01 <0.001 R e p I acemen t
- MSq : irmm o : 473(0.25) 252(0.13) 0.53(0.46t0 0.62) 855.9 <0.001

ALSH [ —m—= 78 (0.04) 33(0.02) 0.42(0.2810 0.63) 4215 <0.001 T h

1 1 1 I 1
0.0 0.2 0.4 06 0.8 1.0 1.2
Relative risk

reduces risk

B B of Number of

Active ingredient administration/type of RR (95% CI) P-value

dosage form HT users
a Estrace - y D 5 v : Estradiol PO tablet 63,164 0.45(0.43t0 0.46) <0.001
[T Vivelle/Vivelle-dot — |-.-| ' Estradiol TD patch 6,553 0.19(0.16t0 0.23) <0.001
5 Climarad +—a—— : : : Estradiol TD patch 613  0.23(0.13t00.40) <0.001 (@) f N D D S
.E Estraderm - : — = —t . Estradiol TD patch 349 0.54(0.33t00.88) 0.010
o Estrogel - —.— Estradiol TD gel 877 0.16(0.09t0 0.28) <0.001
c Divigel - —— 2 S 2 Estradiol TD gel 847 0.22(0.14t0 0.37) <0.001
g Evamist - —— Estradiol TD spray 796 0.21(0.12t0 0.35) <0.001
- Premarin — 2 = s » s Conjugated estrogen PO tablet or IM injection 123,982 0.42(0.40to0 0.43) <0.001
_g El"ljl.lVla o - —— 3 = Synthetic conjugated estrogens PO tablet 898 0.43(0.31t0 0.61) <0.001
— Cenestin— b Synthetic conjugated estrogen PO tablet 524 0.26(0.15t0 0.46) <0.001
(o] Menest - o L —————— 0 2 Esterified estrogen PO tablet 480 0.42(0.26t0 0.67) <0.001
(] Delestrogen o= 3 i . L et . Estradiol valerate IM injection 319 0.51(0.30t0 0.86) 0.009
& Prempro - ; - ; : Con]ugated estrogen/medroxyprogesterone acetate PO tablet 6,197 0.30(0.26 0 0.36) <0.001
~ ET+Prometrium = - : : : Progesterone PO capsule 4865  0.19(0.15t00.23) <0.001
1 I 1 I 1

00 02 04 06 08 1.0 1.2
Relative risk of NDDs Kim YJ et al., Alzheimer’s Dement, 2021
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LA LONGEVITA DECLINATA AL FEMMINILE

17B-estradiol protects
from glutamate-
Induced neurotoxicity
by upregulating the
Nrf2/HO-1 antioxidant
pathway

Khan | et al., Antioxidants, 2021

Exogenous Glutamate

& o 2 e, =
oo 206 0000000000000 0 0 0 _"0,00 0 0 00" 000000000000000000 Y YY | LY
® a
Q Depletion of GSH & GSH: I
CE Taw T LT Ieouwwwuo ® GSSG levels @ POPOT0OPTOOCDOOED0 200( 0000
/ ROS/LPO Formation & \

Downregulation of Nrf2/HO-1
17B-estradiol |-— 17B-estradiol

pathway

DysregulatIon of

P-JNK/ P-p38 & P-ERK"2
MAP-Kinases Pathway

Neuroinflammation/Gliosis:
(Up-Regulation of
Inflammatory Protein Markers:

. GFAP, IBA, TNF-a)

ration )

Neuro-Apoptosis:
(Dysregulation of Apoptotic
Protein Markers: Bax, Bcl-

2, Caspase-3)

N

. Synaptic dysfunction
(Down-regulation of Synaptic
Protein Markers:PSD-95,
SYP)
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LA LONGEVITA DECLINATA AL FEMMINILE

1.00+
—— Late Postmenopause, Placebo
g l| Late Postmenopause, Estradiol ] ] ]
| Em—————— Hormone-timing hypothesis:
0.90
o o progression of subclinical
E
2 F atherosclerosis was limited
0.754
by estradiol initiated early
0.65 1 1
ot (within 6 y after menopause)
Years
No. of Participants
With CIMT data 643 533 522 515 424 295 56
Who completed or 0 106 119 128 215 345 582
.discontinued study
WioutCIMTdaia 0420 eSS Hodis HN et al., N Engl J Med, 2016




Central Nervous System

Estrogen-dependent
Integration of
Antioxidant Signaling:

protective effects

against CVD mediated

by reducing oxidative

ovX o
E2 deficiency — e oS Yo

o stress in the brain

ER agonists
Phytoestrogens

. Lagranha CJ et al., Life Sci, 2018
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Testosterone Therapy increases CV mortality and events in men

A Cardiovascular-Related Events %0
l -
1.0
25
s TS T e
2 os- i
G
° Testosterone therapy
>
£ 06+ 3 60-
= P<0.001 =
-
£ £
a 0.4 3 40
4 Testosterone
©
—3 0.2— 20_
§ Placebo HR, 1.29 (95% Cl, 1.04-1.58)
Y ho- . Log-rank P=.02
O| 3‘ 6‘ 9' 0 500 1000 1500 2000
) o Days
Months since Randomization No. at risk
g Testosterone therapy
No. at Risk No 8709 5337 2897 918 206
Testosterone 106 76 55 35 Yes 0 439 500 733 61
Placebo 103 84 65 48

Basaria S et al., N Engl J Med, 2010 Vigen R et al., JAMA, 2013



LA LONGEVITA DECLINATA AL FEMMINILE

Endocrine Abstracts(2022) 81 P311 | DOI: 10.1530/endoabs.81.P311
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Oxidative stress decreased after six months testosterone
treatment compared to placebo in ageing men - a
randomized, double-blind trial

Louise Lehmann Christensen 1, Marianne Andersen 1, Henrik Enghusen Poulsen 2 & Dorte
Glintborg 1
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e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 19, 20006 VOL. 355 NO. 16

DHEA in Elderly Women and DHEA
or Testosterone in Elderly Men

CONCLUSIONS

Neither DHEA nor low-dose testosterone replacement in elderly people has physiolog-
ically relevant beneficial effects on body composition, physical performance, insulin
sensitivity, or quality of life. (ClinicalTrials.gov number, NCT00254371.)
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Per concludere:

| cambiamenti senili negli ormoni sessuali circolanti si
associano alla maggiore vita media (ma anche ad aumento
della fragilita) femminile

Le alterazioni eta-correlate dei livelli circolanti di ormoni
sessuali sono integrate con la «free radical theory of aging»

Gli effetti antiossidanti di un trattamento ormonale
sostitutivo al momento sono evidenti solo per gli estrogeni
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