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Abstract

Purpose Ovarian and adrenal aging leads to a progressive decline in androgen levels and deleterious effects on the quality
of life. Despite this, specific replacement is not routinely recommended in the management of women with a physiological
or pathological decline in their production, mainly due to the lack of long-term follow-up safety data. The purpose of this
paper was to meta-analyze and summarize the existing data about hormonal profile changes in menopausal women receiving
androgen replacement treatments. Full-text articles published through May 30, 2018 were found via MEDLINE and Embase
and selected according to the strict inclusion criteria.

Methods Randomized clinical trials and case—control studies were enrolled. Studies not reporting steroid serum levels or not
providing a control group were excluded from the analysis. Studies enrolling women with genetic defects or severe chronic
systemic diseases were excluded. 113 papers fulfilled the inclusion criteria and 56 papers were included in the analysis.
Desired data were compiled and extracted by independent observers.

Results Androgen administration increases E1, E2, testosterone, DHEA and DHEAS serum levels, and reduces SHBG.
However, the E1 and E2 increase is evident only when DHEA is administered.

Conclusions Whatever androgen formulation we choose in postmenopausal women, the end result is a rise in testosterone
serum levels. However, DHEA regimen is also associated with an increased estrogenic availability. This might be crucial
when choosing the best possible treatment for each patient individually taking into consideration if potential benefits out-
weigh the risks.
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Introduction

In the last two centuries, an impressive progress in medicine
and quality of life has been detected, contributing to a mark-
edly prolonged life span. Considering that the average age
of menopause is around 51 years of age, women today will
spend more than one-third of their lifetime after menopause
[1, 2]. Natural menopause represents a significant milestone
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in women’s life and endocrinologically wise, it means that
women will spend this period in a hormone deficiency state.

In the literature, there is a large evidence of the delete-
rious consequences of the deficiency of the main female
hormone, estradiol. Estrogen deficiency impairs quality of
life, mainly through vasomotor symptoms (VMS), increases
the incidence of major cardiovascular events, dementia and
osteoporosis, and, if not treated, overall accelerates aging

[3].
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Decline of testosterone levels starts much earlier than
menopause and together with adrenal aging and linear fall of
dehydroepiandrosterone sulfate (DHEAS) leads to an over-
all progressive decline in androgens levels. Physiologically,
steroidogenesis occurs in both ovaries and adrenals, in which
C-19 steroids, DHEA, androstenedione and testosterone are
produced [4]. C-19 steroids derive from C-21 precursors and
are subsequently converted to C-18 steroids, e.g., the estro-
gens [5]. DHEA serum levels decrease with increasing age
and they are reduced by 60% after menopause [6]. Similarly,
a 55% decline in serum testosterone levels is detected at the
age of menopause [7]. In menopausal women, about 80%
of the serum DHEA is of adrenal origin and approximately
20% originates from the ovaries [1]. On the other side, ova-
ries are main sources of testosterone production, increas-
ing from 25 to 50% from fertile to postmenopausal woman.
However, the final testosterone levels decrease with age due
to the inability of ovaries to compensate the decrease of the
adrenal production of the testosterone prohormones (DHEA
and its sulfate, DHEAS) [8, 9].

As well as estrogen deficiency, androgen insufficiency is
also demonstrated to be associated with deleterious effect
on the quality of life [10]. In particular, sexual dysfunction,
low libido, cognitive decline, low energy, vasomotor insta-
bility, bone loss, decreased muscle strength, and changes
in cognition or memory are most frequently observed [11].
In the genitourinary system and pelvic floor, androgens are
important for the maintenance of the structure and function
of the tissues, and the lack of androgenic activity contributes
to symptoms of the genitourinary syndrome of menopause
(GSM), including dysuria, recurrent urinary tract infections,
vaginal dryness, poor arousal and dyspareunia [12].

Despite the crucial role of androgens, specific replace-
ment is not routinely recommended in the management
of women with a physiological or pathological (i.e., due
to premature ovarian insufficiency, surgical menopause or
hypopituitarism) decline in their production, mainly due to
the lack of long-term follow-up safety data. In 2014, the
Endocrine Society Guidelines recommended against making
a clinical diagnosis of “androgen deficiency syndrome” in
healthy women, because of the lack of a well-defined syn-
drome [13]. The primary indication for the prescription of
androgens in postmenopausal women remains loss of sexual
desire causing significant distress (hypoactive sexual desire
disorder, HSDD).

Studies of transdermal testosterone have consistently
shown efficacy of HSDD treatment in both naturally and
surgically postmenopausal women, either alone or in com-
bination with the estrogen therapy [14]. Conversely, sys-
tematic reviews and meta-analyses have found no statisti-
cally significant benefit of systemic DHEA on female sexual
function; no significant effect of DHEA on serious adverse
effects was observed either [15].

@ Springer

Recently, a systematic review and meta-analysis on the
safety and efficacy of testosterone treatment in women was
published followed by a Global Consensus Position State-
ment on the use of testosterone therapy for women. The
authors showed and agreed that non-oral administration of
testosterone to menopausal women with low sexual desire
causing distress is effective and safe with no severe side
effects noted [16, 17]. Further, they pointed that all regis-
tered testosterone formulation are for men and that there
was no approved testosterone formulation in any country
[16, 17]. Finally, the authors highlighted the need for more
research into testosterone treatment for women [17].

Surprisingly, current literature lacks a systematic inves-
tigation of hormonal profile changes in women receiving
androgen replacement treatments. Thus, the aim of our
meta-analysis was to evaluate and summarize the exist-
ing data about hormonal profile changes in menopausal
women receiving androgen replacement treatments, con-
sidering all available androgens formulation and regimens.

Materials and methods

This meta-analysis was performed according to the
Cochrane Collaboration and PRISMA statement. To
ensure originality and transparency of the review process,
the meta-analysis was first registered in the International
Prospective Register of Systematic Reviews (PROSPERO;
registration ID CRD42018099414).

Literature search was performed considering the fol-
lowing criteria in MEDLINE and Embase databases:
((((((((menopause) OR postmenopause) OR post meno-
pause) OR menopausal) AND women) OR woman) OR
female) AND testosterone administration) OR androgen
administration. All studies published until May 30, 2018
were considered.

Study selection and inclusion criteria

The following inclusion criteria were searched: (1) all
androgens formulations, (2) interventional study design,
(3) comparison with a control group, and (4) evaluation
of steroid serum levels. The randomization of patients
was not considered an inclusion criterion, thus both ran-
domized clinical trials (RCT), and case—control studies
were enrolled.

Studies not reporting steroid serum levels or not provid-
ing a control group were excluded from the analysis. More-
over, studies enrolling women with genetic defects (i.e.,
Turner syndrome) or severe chronic systemic diseases (i.e.,
severe heart failure) were excluded.
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Data collection process and quality

Two authors (DS and GS) performed separately literature
search and extracted the abstracts of studies of interest. All
abstracts were evaluated for inclusion criteria and the data
were extracted from each study that was considered eligible,
with regard to the design of the study, year of publication
and number of included/excluded subjects. Moreover, the
inclusion criteria of each study were evaluated to highlight
the etiology of menopause (natural vs. surgical). Also, the
laboratory method used to measure hormonal parameters
was extracted for each included study. DS, GS, ASS, LM
and SP performed quality control checks on extracted data.
Data were extracted using steroid serum levels as primary
end points, considering estrone (E1), estradiol (E2), sex
hormone-binding globulin (SHBG), testosterone, DHEA,
DHEAS, androstenedione, 3alpha-diol-3G, 3alpha-diol-
17G, ADT-G, free androgen index and serum weekly bound
estradiol.

Secondary end points were cortisol, follicle-stimulating
hormone (FSH), luteinizing hormone (LH), serum albumin,
insulin-like growth factor (IGF)-1, IGF-2, IGF-binding pro-
tein (IGFBP)-3 and IGFBP-1.

Data synthesis and analysis

Data were extracted only if the measured parameter was
assessed in at least three different studies. Using the Review
Manager (RevMan) 5.3 Software (Version 5.3.1 Copenha-
gen: The Nordic Cochrane Centre, The Cochrane Collabo-
ration, 2014), continuous variables were comprehensively
evaluated as inverse variance of mean variables. Dichoto-
mous variables were comprehensively evaluated using Man-
tel-Haenszel method. The fixed model was initially chosen,
whereas the random effect model was preferred in case of
% higher than 60%. The degree of heterogeneity among
the results of different studies was examined by inspecting
both the scatter in the data points and the overlap in their
confidence intervals (CIs) and by performing /> statistics.
Weighted mean differences and 95% Cls were estimated for
the literature search. Standard mean difference was consid-
ered when standard deviation showed higher heterogeneity
among studies included in the analysis. Values of p <0.05
were considered statistically significant.

All evaluated papers were further analyzed with regard
to the studies reported in the manuscript. Thus, differ-
ent drug dosages, routes and schedules of administration
were separately considered. The analysis was performed
comparing patients to controls after treatment. Sensitivity
analyses were performed considering the androgen used
in the trials, distinguishing among DHEA, androstenedi-
one and testosterone administration. Moreover, a second
sensitivity analysis was performed, considering the assay

accuracy. In particular, studies using mass spectrometry
were considered to be highly accurate, whereas studies
using immunoassays were considered to have low accu-
racy. Finally, a third sensitivity analysis was performed
dividing studies according to the nature of menopause:
physiological versus surgical.

Results

We identified 24,549 papers by the literature search.
Among these, 107 papers fulfilled the inclusion criteria
and were evaluated for data extraction. Sixty-five papers
were finally analyzed for data extraction (Table 1). Among
these, 53 papers were included in the analysis and data
were extracted from 83 different trials (Table 1). Figure 1
shows the study flowchart.

Among studies included, seven studies used mass spec-
trometry to measure hormones; thus, only 12.5% of the
studies included were considered highly accurate. Further,
13 studies (23.2%) enrolled postmenopausal women after
ovariectomy, thus 76.8% of all studies enrolled women
with physiological menopause.

Effect of androgen therapy on estrone (E1) levels
in menopausal women

Seventeen papers reported data on E1 levels comprising a
total of 3553 patients (1757 treated women vs. 1796 con-
trols). E1 serum levels were significantly higher in treated
patients compared to the controls (11.21 pg/mL, 95%
CI7.71, 14.72 pg/mL, p <0.001) (Fig. 2). The level of
estrone was only affected by DHEA treatment (11.21 pg/
mL, 95% CI1 7.67, 14.99 pg/mL, p <0.001), but not when
testosterone (11.46 pg/mL, 95% CI —3.14, 26.06 pg/mL,
p=0.12) or androstenedione (8.79 pg/mL, 95% CI — 11.74,
29.33 pg/mL, p=0.400) was administered (Fig. 2).

The second sensitivity analysis was available only for
the DHEA administration. E1 serum levels were signifi-
cantly higher in women treated with DHEA considering
both accurate (8.63 pg/mL, 95% CI 7.19, 10.06 pg/mL,
p <0.001) and non-accurate studies (19.51 pg/mL, 95%
CI 3.39, 35.63 pg/mL, p=0.020).

The third sensitivity analysis was available only for
testosterone administration and not for DHEA or andros-
tenedione treatments. Estrone serum levels did not change
between treated and untreated women considering both
physiological menopause (5.59 pg/mL, 95% CI —22.44,
33.62 pg/mL, p=0.700) and menopause after ovariectomy
(12.00 pg/mL, 95% CI —2.87, 26.86 pg/mL, p=0.110).

@ Springer



Journal of Endocrinological Investigation

8'SF69L

0v+1°8S

89+¢6°¢9

VL=8Y

(€9-85) 09
08—0¥

(§£-59) 69

0v+199

LYFLLS

0¢

L9

14

el

Sy
LST
o1

0¢

I

0C

304 10
$01QOISR + 0qadR[

0Qaoe[d

0qadeld

0qaoe[d

0qadeld

0qgade[d

0Qqaoe[q
0qaoelq
0qaoe[q

0gade[d

0qadeld

0qaoe[q

TOFYIL

TYFE8S

8'9+6°¢9

YL=8Y
(69-€9) 19

(€9-L9) 19
SFTS
(69-€9) 19

(69-99) 89

I'v+1¢9

geFT¢

6V

L9

8¥

Cl

Ly
Y43
01l

0¢

0l

0¢

[BIO

[e10

[eI0

[e10
Al

NI

Al
Al

[B1O0

Al

Kep/3w (¢

Kep/3ut O

Kep/3w (g

Kep/3ut oG
Kepy 3w g9

Joom
/W §T-6T1-ST9—¢

Kepni3 20
Kep/3w 67—GT1-69
Kep/Sw °€7-€1-6°9

3w (g

WEAID QUOIIS0IS) % |

Yoom
B sowm ¢ Sow )06

304 10
$o1qoide + VHHA

JjeourdIpUN
QUOISISOIS],

VdHd

VHHAd
VdHd

JeyURUD
QUOINSOISI,

QUOIANSOISI],

VdHd
VdHd

VdHd

SUO0I9IS0ISAT,

Jreuordoxd
QUOI)SOISA,

Nd

Nd

Nd

Nd
Nd

pazru
-0J09LIBAQ)

Nd
Nd
Nd

Nd

Nd

Nd

D

D

D

D

SIN

SN

D
SN
SN

D

VSI'da

VSI'Td

uornouny
TeorsAyd
‘KyIsuap
uoq

‘SQUOWLIOH

SI19)9
-wered
oo
-oyoAsd
‘SQUOULIOH
SI919
-wered
ojaw
-oyoAsd
‘SQUOWLIOH
SIsA[eue
doagrs
‘SQUOULIOH
SQUOWLIOH

uornouny
reorsAyd
‘uonouny
[enxas

‘SououwLIOy

$I1919
-wered
oLmew
-oyoAsd
‘SQUOWLIO]
SQUOWIOH
SQUOWIOH

stsAjodry
OTwI)SAS
‘SOuUOWLIOH
swoydwAs
Ie[Nd0
‘SQUOWLIOH
wsi|
-oqejowr
‘SQUOULIOH

1O¥

LOY

IOAOSSOID
1O¥

JOAOSSOID
NP |
LOd

LOd

LOd
LOd
LOd

LOd

LOd

LOod

010c

110¢

Cloc

€10¢C

€10C

10T

¥10¢
S10T
910¢

9102

L10T

810C

Auuay

SeIRI
-BYS0003]

NLIIDIN

zaugne))

Juqe]

Sueny

SIABR(Q
B
ouqe

BZBOX 9
esourdsyg

Dsm
-0199[0D)

SopueuIa

(s1eak) 98y

Sniq

(s1eaK) 93y

Anoy

sageso(

Sniq

dnoi3 jonuo)

dnoi3 Apmg

uonmuyop

poyiowr

asnedouspy  A10jRIOQRT

sawodnQ)

ugisop
Apmg

IeQx

oyny

(OIBaS 2INJLIS}I] 9Y) Jo}JE UOTORI)XA BIep 0§ pazA[eue saipms | djqeL

pringer

Qs



Journal of Endocrinological Investigation

S[19
reroyda
[eursea
SL=0¥ OI 0qade[d SL=0v OI Al Kep/Sw 4 ¢7—€1-6'9 VdHd Nd SN ‘sSuoulioy L1Od 800C QLIqe]
poziu on
- w sordesoy) oN - 01 [eI0 Kep/Sw G’z QUO[OQLL,  -0)99LIBAQ VSITd  SeUOULIOH  -U09—9se) 8007 [°739d
Kyisuop
Juoq
P9FI'69 ¢¢ 0qa%eld  S'LFE69 ST [e10 Kep/3ur 0g VdHd Nd VIY ‘seuouwioy L1OY¥ 800T  DBismoxuer
909 vL 0qade|d §9-09 €L L Kep/is g VdHd Nd SN seuouLoy LOd 800C QLIqe]
§9-¢6S 01 0qade|d §9-¢6S 01 [BIO Kep/3ur ¢¢ VdHd Nd VI4  ssuowloy LDd 600¢ JAzouelg
uon
-1sodwoo
Apoq ‘wsI|
9Jeourdopun -oqejowr
TFYL L 0qaoeld €F8L 9 1:200) Kep/Suwi JUO0I)S0ISA], nd ID ‘seuouioy 109 6007  uewdeyd
QJeoUBdIPUN SIoyTew
QUO019)$0} K1018W
oqooerd +oje -S9) + 9JeIofeA poziu -WePur  JOAOSSOIO SerejA
09-S¥ 08 -I9[eA [olpensy 09-S¥ 0S [e10 Sw oy +3w g [olpensy  -0)J09LIBAQ VI ‘souowioy IDd 600C  -BS0203]
uon
-1sodwoo
Apoq ‘wsI|
-oqejowt
(SL—99) 0L 0¢ 09o%8ld  (69-59) 89 61 810 Kep/3ur og VdHd Nd D ‘souowIoy 1Od 0I0C  UeseAlulg
uonouny
TeorsAyd
‘uonouny
[enxas
TSFOLS THI 0Qad®ld  S'CFT9S 0¢l L Kep/Souwr 0p¢ QUOIA)S0ISIT, Nd [D ‘seuowlioy LOd 010¢ Keueq
Kyisuap
N1 00Z/3w 00 + Kep A/ auoq
Yy+ETs ov wnEd - 0eFYIS 9F 810 /Bu gt -[ed +9uojoqry Nd D ‘seuowioy 1Od 010¢ oRlZ
uon
-1sodwos
Apoq ‘wsI|
304 10 v304 10 -oqgejow
8'SF69L 0S  SOIQORE+0QadR]d  T9FVIL 6F [®10 Kep/Sw ¢  sd1qoroe + VAHA Nd [D ‘seuowoy 1OYd 010C Ioxog
(s1eak) 93y u Sniq (s1eak) 3By u Anoy saesoq 3nig
uonIuyap poyjow ugisop
dnoi3 jonuo) dnoi3 Apm)g osnedously  A1ojeroqe|  sewoonQ ApmS IBOX Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Endocrinological Investigation

uon
-1sodwroo
Apoq
‘KyIsuap
QUOQ ‘wWSsI|
(SvL (€1L -oqejoul
—-9°69) ¥'0L 0¢ 0qa2e[d —9°¢9) 89 LT [e10 Kep/3w (g vVdHd Nd D ‘souowioy L1Dd 900T IeN
§9-09 SI 0qade[d 909 SI L S¢ VdHd Nd SN seuoulioy 1D¥d L00T suqe]
uonouny
ouo [enXds  JOAOSSOID uosIAB(
908 S 0qaoe[d 905 ¢ 20) asop ABuIs ur W g -1SOISAAYRN Nd [D ‘sououtioy 1Dd L00T -pIvoH
w1y
-oqelow
80F¥0L 6C 0ga%eld  9'0F+'89 LT [BIO Kep/su (g VHdHd Nd [D ‘seuowioy LOd L00¢ nseq
QUOI)
0qaoe[d + ouoio) -S0159) + 9U0J9)
-SIY32I0U + [OIP Kep -SIYJ2I0U + [OIp
LvS 6F -eNsa-qL] TSS 0§ [elo+L /Bowgg+Sw [+3wg -ensd-qL| Wd [0  souowioy LD¥ L00T uryoy
uonouny
[enXds  JOAOSSOID
6'LFETS SL 0qa%eld  6°'LFTTS SL L Kep/3ur o] QUOI)s0ISoL, Nd [D ‘seuowioy 109 L00T uojyreq
uonouny
poznu [eNXds  JOAOSSOID
$S 81 0qaoeld $S 81 L Kep/3ur 0] JUOIS0ISA],  -0J0dLIBAQ 1D ‘seuourioy 109 L00T 93eH-19
Bl NGNN SI10)0B}
- + 9Jejee SLI Te[no
oqooe[d + ayejooe Juoid)sa3ord -SBAOIPIED
QuoId)segord -Axo1powl + ua3 ‘wst|
-KxoIpowi + suag -01s? auinba -oqejowr
67F995 68 -onsgy Ly FHSS 68 1210 Kep/Sw g7 pajesnfuo) INd [D ‘seuouwioy IOd L00T  Emed 2
uonouny
eorsAyd
‘uonrs
-odwoo
Sururen Sururen Apoq
TL¥S ¥1  9SII9X9+0qade]d LS L1 [®I0 Kep/Sw 0g  os1019%0 + VHHA Nd [D ‘seuowioy IOY¥ 800T  oIqams|
uon
-1sodwos
Apoq ‘Ayis
-uap auoq
L9F689 8¢ 0Qd®[d  ['8F6'89 LS [L2(0) Kep/Sw g VdHd Nd VI ‘souowioy L1OY 800C US[YNIA uoA
(s1eak) 93y Sniq (s1eak) 3By u Anoy sagesoq Sniq
uonIuyap poyjow ugisop
dnoi3 jonuo) dnoi3 Apm)g osnedously  A1ojeroqe|  sewoonQ ApmS IBOX Joyiny

(ponunuoo) | sjqey

pringer

Qs



Journal of Endocrinological Investigation

0v+89L

0Ly

Y'LFS8Y

Y'LF6'8Y

SEFYSS

€9¥F97¢S

S9F+'89

(€9-0€) €'6¥

6VFvS

€

611

6LC

0¢

1C

9¢

or

€L

0qade[d

oqgadeld

0qgade[d

0qaoe[d

0Qqaoelq

oqooeyd + [o1pensg

0qadeld

0qade[d

0qadse[q

8ECFOVL

0Ly

8F1°0S

LLFT6V

SEFYSS

SYFI1¥¢

€LFE89

(99-8¢) 1§

8YF6¢s

[43

cl

901

€8¢

0¢

91

143

LE

9LT

NI

[BI0

—~

[elo+1,

810

syeam ¢/3w oG

Kep/3w (oG

Kep/3ow OSH—00€-0S 1

Kep/3owr 00¢

Kep/3w (]

Aep/Sw ¢7'1 + 3w |

Kep/3w ()G

Kep/3owr 0¢

Kep/3owt O)0¢

9JBOUBIIP
QUOJOIpUBN

VdHd

QUOIAS0IS],

QUOI)SOISA,

JUO0I)SOISI,
QUOI)SOISAA

(oW + [OIpeNST

VdHd

QUO0IN)SOISAT,

QUOIAIS0ISA],

Nd

Nd

paziu
-0J00LIBAQ)

paziu
-0J09LIBAQ)

Nd

poziw

-0)J09LIBAQ)

Nd

paziu
-0J0dLIBAQ

Nd

D

VId

VId

VId

VId

VId

VId

VId

VId

uon
-1sodwos
Apoq
‘KyIsuop
QuOq ‘wWsI|
-oqelow
‘SQUOULIOH
uon
-1sodwoo
Apoq ‘wsIy
-oqelow
‘SQUOWLIOH
uonouny
[enxos
‘SouowLIoOy

uonouny
[enxas
‘SQUOULIOH

uornouny
[enxas
‘SI919
-wered
Jrjoqelow
‘SQUOWLIOH
Kysuop
QuUOq ‘WSI[
-oqelow
‘SQUOULIOH
uon
-1sodwos
Apoq ‘Kyis
-Udp duoq
‘SQUOULIOH
uonouny
[enxas
‘SQUOULIOH
uonouny
[enxas
‘SQUOULIOH

10¥

LOd

LOd

LOd

JOAOSSOID
LOd

LOd

LOd

LOod

LOod

S00c

€00T

$00¢

900¢

900¢

900¢

900¢

900¢

900¢

T[os1L]

[eAeq

ureisunerg

uowrig

sood
-1SI0UIEN

nea|

D[smoyue[

siaeg

uoIYS

(s1eak) 93y

3nig

(s1eaK) 93y

Anoy

sageso(q

gnig

dnoi3 jonuo)

uonmuyop

poyow

dnoi3 Apm)g osnedouajy  A1ojeroqeT

sawodInQ

ugisop
Apms

IeQx

oyny

(ponunuoo) | sjqey

pringer

a's



Journal of Endocrinological Investigation

IOAOSSOID
eYF6.L9 91 0qa%®[d  ¢¥F6'L9 Tl [eIO Kep/3u Gz 10 0§ VdHd Nd VI  ssuoulioy 129 000C urer3oy
JjeIe0e 190
Quord)sagord -wered
-Kxo1pawl +7q oLow
1+ 9yeourdopun -oyoAsd
€6 0C 4L v'LS 0T [BIO Kep/3ut QUOIAIS0ISIL, Nd [D ‘seuoutioy [oqe[uedQ 100T mousd
1910
-wered
oLjew
-oyoAsd
I'vFIvS € 0qa%®ld  LYFTYS Y [eIO Sw g Quojoqry Nd D ‘seuouwioy LIDOY T00C  UesMnoo]y
s1910
syjuour 4 -wered
J10J QUOIA)S0)$) oLew
0qaoe[d + ua3 -[Ayyow + uod -oyoAsd
6'SFY9S €1 -OIso poyLaIsy  ¢'8F8'6S I [BIO Swgg+Gr T -0nso payLvlsy Nd [D ‘ssuouwlioy LOd 00T DISmorusipy
TYFE8S 01 SnipoN  LTFYLS 0T [BIO Sw(Q[-0S  QUOIPUASOIPUY Nd VI4  ssuowloy LDd 200¢ 1opa]
Kyisuop
Juoq uer
€TF6TS 0¢ 0ga%eld S TFETS 0€ 810 Kep/3wr g'g auojoqry Nd [D ‘seuowroy [oqe[ udO 00T -dequies)
sua3onsa wsI|
suog POYLIISI + U0 poznu -oqejour
LF0S 6¢ -01)$9 paygLIalsy 8-+8y OF [®IO0 ~IISOISAAYIN  -0303LIeAQ VI ‘souowioy LOd ¥00¢ QANIYD
Jjeourd
-apup) auo wsIy
-191S0)S9], + e paziu -oqejour
6'TFOVS vr  o0qeoe[d+[oIpeNsH  6TFOYS t [®10 Kep/Sw o -Io[eA [olpensy  -0Jo9LIBAQ [D ‘seuowioy LOYd +00T 191014
uon
-1sodwos
Apoq
‘Kysudp
QUOQ ‘WSI|
-oqejou
EYFIv8 0C wnE)  19F¢¢8 0 [e10 Kep/qur 00 suojoipueN Nd D ‘ssuowioy IOd +00T  Sredlroply,
uonouny
poznu [enxas
SLFS6Y 99T 0Qaeld P LFE8Y 99T L Kep/3ow 00g QUOIAS0)S9L,  -03dLIBAQ [D ‘seuowioy LOYd $00T Iosng
(s1eak) 93y u Snig (s1eak) a3y u N0y sageso(q gnig
uonIuyap poyjow ugisop
dnoi3 jonuo) dnoi3 Apm)g osnedously  A1ojeroqe|  sewoonQ ApmS IBOX Joyiny

(ponunuoo) | sjqey

pringer

Qs



Journal of Endocrinological Investigation

wsI|
paziu -0qeloW  IGAOSSOID
19-9¥ 9 0qade[d 19-9% 9 [BIO Sw o0f VHAHA  -0199LIBAO [D ‘seuoutioy L1OYd 0661 B[OMON
Kyisuop
Quoq  J9A0SSOIO
TTFSS ¥SC euneanl ON  O0gFLPS OTT  uerdwy Sw Q]  QUOIAISOISA ‘TH Nd [D ‘seuowioy 1O 1661 hauren
uonouny
QuoI) [eNX9S  IOAOSSOID
899 ¢ 0Qade[d 09 ¢ [eordog, %T ~S01S0IPAYI(T Nd D ‘seuouwlioy LOd 1661 utfsed
Kyisuap
QUOIQ)SIYIOIOU Quoq ‘wsI|
[onsa QU0I3)S0)$9) -oqejow
09 01 -S1ou ‘[orpensy 09 01 eI 8r g1 ‘Sw QT ‘Sw gL ‘[otpensyg Nd [D ‘souowo  [oqe[ uedQ 7661 SBAARS
Kyisuap
QuOoq ‘wWSI[
(99 vAHA -oqeoWl  JOAOSSOId
(99-S¥)1°9S 11 0qgade]d —SPIT9S 11 €10 Kep/3ur og PIZIUOIIA Nd VI ‘seuounioy LOYd S661 uossen
Kyisuop
QuOq ‘wWSI[
-oqejowt
09FT10L 0O¢ 0Qa%eld  O°'LFLOL TE [eseuenup Sw (g QuojolpueN Nd [D ‘seuowioy LOYd L661 S CHE
s1930
-wered
sLow
-oyoAsd  19A0SSOIO
SEFYSS 9T 0qadeld  SEFP'SS LT L Sw (]  [o8 QUOIASOISAL, Nd VI ‘souowioy LOd 8661 IaqnrH
QUO0I)SOIP
-ueoIpAyIp jo wsI|
QJeURYIUL + J)e -oqejour oouelq
['eS ¥C 991 Jusunyeal], ['eS €T I Sw 00z + 5w 4 -Io[eA [olpensy Nd [D ‘souowroy  [oqe[ uedQ (00T -o[aIse)
uonouny
[enxos
ge 0gade]d 69-09 <S¢ [e10 Kep/3w (g vVdHd Nd [D ‘seuowioyg LOd 000¢ nalneq
S1930
A[rep sua3onsa -wered
sumbs pajes oW
-nfuoo + ouo pozrux -oyoAsd
EFLY LS 0Qade[d TFLY S9 L Kep/3 oG 1 -I9)80189,  -0103lIBAC [D ‘seuowoy LOd 000¢ Uy
(s1eak) 93y u Snig (s1eak) a3y u N0y sageso(q gnig
uonIuyap poyjow ugisop
dnoi3 jonuo) dnoi3 Apm)g osnedously  A1ojeroqe|  sewoonQ ApmS IBOX Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Endocrinological Investigation

[ewLIOpsuEI) J ‘Aesse OUNWWI-OIpel Y7y ‘[eLI) pa[[onuod
paziwopuer 7Hy ‘osnedousw [ed13ojo1sAyd g ‘Anowonsads ssewr Sy ‘[euiSeaenul A7 ‘Je[nosnwenul jy7 ‘AeSSBOUNWIWI JUSISIUIWNIWAYD 7)) ‘[OIPENSd Z7 ‘QuoIa)solpueldoolpAyap VIHJ

uonouny
QUOId) [enxas
69% 0T [oTpensy 6'9% 0T L Sw Q[ ‘0§ -S0Is) ‘[OIpeNsH Nd [D ‘seuourioy 1DY €861 moq
QuoId) JIOAOSSOID
9EFESY 6 0Qa%kld 9 €FESH 11 NI Sw 9 ‘g% -50159) ‘[oIpeNSH Nd VI  ssuoulioy 1DYd 1861 uimIoyg
QUOId) A1
8y 1T 0qgade]d 9 €T yuerdury Sw Q[ ‘0§ -S0ISA) ‘[OIpeISH Nd D  seuowloy IOY9 L861  -WOSHUON
s1930
-wered
oL
-oyoAsd  19A0SSOIO
¥'sy 01 0qade[d ¥'sy 01 I 3w 00 QUOIA)S0ISIT, Nd VI ‘souowioy LOd 8861 urmIsyg
SI1919
QJeozuoq [0Ip -wered
-RI)S9 ‘Qejue oLnow
-UQIp [OIpeNSd -oyoAsd  10A0SSOID
SYFviLy 11 0Qadeld  LTFTLY TT NI Sw T ‘6L ST ‘UOINS0ISI, Nd VI ‘seuowlioy LOYd 8861 urmIoyg
Kyisuop
Qu0I9) quoq
I'v+8°1S 9¢ JUSUNEA ON  99FCLG L€ [®10 Sw Q[ ‘Sw g -s01sa) ‘[OIpensy Nd [D ‘souowioy [oqefuedO 8861 SBAABS
(s1eak) 98y Sniq (sieak) a8y noy sageso(q Sniq
uonIuyap poyjow ugisop
dnoi3 jonuo) dnoi3 Apm)g osnedously  A1ojeroqe|  sewoonQ ApmS IBOX Joyiny

(ponunuoo) | sjqey

pringer

Qs



Journal of Endocrinological Investigation

Fig. 1 Study flowchart UNPUBLISHED
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inclusion criteria
24 442
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No proper study design

n=42
Full text evaliated
for data extraction
n=465
No data available
n= 12
Included

n =53 articles

n=0

Effect of androgen therapy on estradiol (E2) levels
in menopausal women

Thirty-three studies comprising 4011 subjects evaluated
the effect of androgen therapy on E2 levels in postmeno-
pause women (1905 treated women vs 2106 controls).
E2 serum levels were significantly higher in the treated
patients compared to the controls (standard mean differ-
ence 1.85 pg/mL, 95% CI 1.36, 2.34 pg/mL, p<0.001)
(Fig. 3). Higher E2 serum levels were observed only when
subjects were treated with DHEA (standard mean difference
3.73 pg/mL, 95% CI 2.43, 5.04 pg/mL, p <0.001), but not
with testosterone (standard mean difference 0.03 pg/mL,
95% CI —0.10, 0.16 pg/mL, p=0.69) or androstenedione
(standard mean difference —0.20 pg/mL, 95% CI —0.82,
0.43 pg/mL, p=0.540) (Fig. 3). Estradiol mean serum lev-
els (35.09 +49.22 pg/ml) remained in a physiological range
after androgen treatment.

The second sensitivity analysis was available only for
DHEA administration. E2 serum levels were significantly
higher in women treated with DHEA considering both stud-
ies with high accuracy (5.36 pg/mL, 95% CI 4.19, 6.53 pg/

accounting for
83 studies

n =53 articles
accounting for

TOTAL

83 studies

mL, p<0.001) and low accuracy (1.95 pg/mL, 95% CI 1.05,
2.85 pg/mL, p=0.001).

The third sensitivity analysis was available only for testos-
terone administration and not for DHEA or androstenedione
treatments. Estradiol serum levels did not change between
treated and untreated women considering both physiologi-
cal menopause (0.75 pg/mL, 95% CI —0.30, 1.79 pg/mL,
p=0.160) and menopause after ovariectomy (—0.04 pg/mL,
95% CI —0.13, 0.06 pg/mL, p=0.450).

Effect of androgen therapy on sex hormone-binding
globulin (SHBG) levels in menopausal women

SHBG values were reported in 26 studies. A total of 3349
subjects were included (1652 patients in study group vs 1697
controls). SHBG serum levels were significantly lower in
treated patients compared to the controls (— 15.35 nmol/L,
95% CI —24.96, —5.75 nmol/L, p=0.00001) (Fig. 4). The
effect of androgen administration on SHBG serum levels
was observed with testosterone (—23.07 nmol/L, 95% CI
—30.75, —15.39 nmol/L, p <0.001), but not with DHEA

@ Springer
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, R 95% Cl Year IV, R 95% CI
1.1.1 DHEA
Labrie 2008k 2377 335 10 117 119 10 8.9% 12.06 [9.86, 14.26] 2008 -
Lahrie 2008¢c 2215 321 10 11.71 119 10 8.9% 10,44 [8.32,12.56] 2008 -
Lahrie 2008d 2595 1.83 73 1585 074 73 9.2% 10.10[9.65,10.55] 2008 "
Lahrie 2008f 2267 0.94 T2 1468 0.7 72 9.2% T.89[7.72,8.26) 2008 -
Lahrie 20089 22.06 1.83 64 14.01 0.79 64 9.2% 8.05[7.56, 8.54] 2008 "
Lahrie 2008h 2518 4.45 B3 144 0.8 63 9.1% 10.78 [9.66,11.90] 2008 -
Jankowski 2008 50.95 26.99 25 25.61 1018 33 4.8% 2538[14.24, 36.52] 2008 —_—
Lahrie 2008a 13.53 1.66 10 11.71 119 10 9.1% 1.82[0.55,3.09] 2008 r
Stanczyk 2009 7 36 10 47 11 10 1.8% 24.00[0.67, 47.33] 2009
Boxer 2010 66.2 229 49 309 187 a0 6.3% 2530 [17.55,33.05] 2010 -
Kenny 2010 56.2 229 49 309 187 80  6.3% 25.30[17.55,33.05] 2010 —
Merritt 2012 0.32 017 48 019 013 48 9.2% 0.13[0.07,0.19] 2012
Subtotal (95% Cl) 483 493 91.8% 11.33 [7.67, 14.99] L 2
Heterogeneity: Tau®= 34.90; Chi®*= 6235.31, df=11 (P < 0.00001); F=100%
Test for overall effect: Z= 6.06 (P = 0.00001)
1.1.2 Testosterone
Shifren 2000 146 a8 78 130 133 78 0.9% 16.00 [-20.09, 52.09] 2000 —
Braunstein 2005a 136 3915899 110 13 3305216 119 0.1% 5.00[-89.24, 99.24] 2005
Braunstein 2005¢ 129 3998171 106 13 3305216 119 0.1% -2.00 [[98.54, 94.54] 2005
Buster 2005a 98.5 25057061 266 1145 27624892 266 0.0% -16.00 [-464.20, 432.20] 2005 + +
Buster 2005h 89 24187311 266 94 25346977 266 0.0% -5.00[-426.03, 416.03] 2005 4 »
Braunstein 2005k 138 393406 111 131 3305216 119 01% 7.00[-87.25,101.25] 2005 »
Simon 2006 80 4273141 283 83 5006235 279 0.2% -3.00 [-80.00, 74.00] 2006
Davis 2006 54 38.9903 a7 42 375216 40 2.9% 12.00[-512,29.12] 2006 T
Subtotal (95% Cl) 1254 1283 4.4% 11.46 [-3.14, 26.06] <+
Heterogeneity: Tau®=0.00; Chi*=0.32, df=7 (P=1.00); F=0%
Testfor overall effect Z=1.54 {(P=012)
1.1.3 Androstenedione
Leder 2002h ar 21 10 ar 32 10 1.8% 2000 [-3.72,43.72] 2002 T
Leder 2002a 36 12 10 ar 32 10 21% -1.00[22.18,20.18] 2002 T
Subtotal (95% CI) 20 20 3.9% 8.79[-11.74, 29.33] et
Heterogeneity: Tau®= 88.85; Chi*= 1.67, df=1 (P = 0.20); F= 40%
Test for averall effect: 2= 0.84 (P = 0.40)
Total (95% CI) 1757 1796 100.0% 11.21[7.71,14.72] L
Heterogeneity: Tau®= 34.86; Chi*= 6240.21, df= 21 (P = 0.00001); F=100% Soo 20 0 50 100

Test for overall effect: Z=6.27 (P = 0.00001)
Test for subaroup differences: Chi*= 0.06, df=2 (P = 0.97), F=0%

Increased in control Increased in experimental

Fig.2 Forest plot comparing estrone (E1) serum levels between experimental and control groups

(—=4.21 nmol/L, 95% CI —9.98, 1.55 nmol/L, p=0.150)
administration/treatment (Fig. 4).

The second sensitivity analysis was not available for this
end point, since all included studies used non-accurate labo-
ratory assays.

The third sensitivity analysis was available only for tes-
tosterone administration and not for DHEA or androstenedi-
one treatments. SHBG serum levels were significantly lower
in treated than untreated women considering ovariectomized
patients (—22.14 pg/mL, 95% CI —28.90, —15.38 pg/mL,
p<0.001), but not in physiological menopause (—19.01 pg/
mL, 95% CI —41.3, 3.25 pg/mL, p=0.090).

Effect of androgen therapy on testosterone levels
in menopausal women

Testosterone values were reported in 57 studies. A total of
4151 subjects were included (2054 patients in study group
vs 2097 controls). Testosterone serum levels were signifi-
cantly higher in treated patients compared to the controls
(131.79 pg/mL, 95% CI 115.36, 148.22 pg/mL, p <0.001)
(Fig. 5). This difference remained after we performed the
subanalysis of different androgen formulations (Fig. 5).

@ Springer

Testosterone (580.09 +457.69 pg/mL) mean serum levels
remained in a physiological range after androgen treatment.

The second sensitivity analysis was available only for
DHEA administration. Testosterone serum levels were sig-
nificantly higher in women treated with DHEA considering
both accurate (62.10 pg/mL, 95% CI 46.53, 74.67 pg/mL,
p<0.001) and non-accurate studies (173.76 pg/mL, 95% CI
114.10, 233.43 pg/mL, p <0.001).

The third sensitivity analysis was available only for tes-
tosterone administration and not for DHEA or androsten-
edione treatments. Testosterone serum levels were signifi-
cantly higher in treated than untreated women considering
both physiological menopause (314.9 pg/mL, 95% CI 133.3,
496.6 pg/mL, p <0.001) and menopause after ovariectomy
(477.0 pg/mL, 95% CI 266.1, 688.0 pg/mL, p <0.001).

Effect of androgen therapy on DHEA levels
in menopausal women

DHEA was evaluated in 13 studies (511 patients vs 511
controls), all using DHEA as androgen formulation. DHEA
was significantly higher in treated patients compared to the
controls (1.87 ng/mL, 95% CI 1.28, 2.46 ng/mL, p <0.001).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year , Rand 95% CI
1.10.1 DHEA
Baulieu 2000 10.07 0.43 35 735 0.05 35 26% 8.79[7.22,10.36] 2000 —
Labrie 2008h 5.06 0.47 B3 2.89 0.27 63 3.2% 5.63[4.84, 6.41] 2008 I
Labrie 2008y 4.04 0.33 64 248 0.18 64 3.2% 5.83[5.03,6.64] 2008 —
Lahrie 2008f 472 0.31 71307 0.21 71 3.2% 6.20 [5.40,7.00] 2008 —
Labrie 2008e 49 0.29 72 298 0.22 72 31% 7.50[6.56,8.43] 2008 I
Lahrie 2008d 5.24 0.38 73287 0.22 73 31% 7.59[6.65,8.53] 2008 n—
Lahrie 2008¢ 5.98 1.26 10 274 0.28 10 27% 3.39[1.83, 485 2008
Lahrie 2008k 6 1.1 10 275 0.28 10 2.6% 3.88[2.28,5.48) 2008
Labrie 2008a 3.94 0.65 10 2748 0.28 10 2.9% 2.28[1.10,3.46] 2008 -
Jankowski 2008 499 19.5 25 3239 12.5 33 34% 1.09[0.53,1.65] 2008 -
Stanczyk 2008b 41 42 10 7 1 10 31% 1.10[0.14,2.05] 2009 —
Stanczyk 2009a 35 il 10 " i 10 31% 1.1 [0.49,2.53] 2009 -
Ziaei 2010 0.3 0.69 46 0.07 0.4 49 3.4% 0.43[0.02,083] 2010 —
Kenny 2010 294 10.2 43 217 a7 a0 3.4% 0.81[0.40,1.22] 2010 -
Boxer 2010 294 10.2 43 217 87 50 3.4% 0.81[0.40,1.22] 2010 -
Caufriez 2013 9.21 0.95 7 607 0.749 7 2.4% 3.36[1.56,517] 2013
Subtotal (95% CI) 604 617  49.0% 3.73[2.43,5.04] -~
Heterogeneity: Tau®= 6.78; Chi*= 755.42, df=15 (P < 0.00001); F= 98%
Test for averall effect. Z=5.62 (P < 0.00001)
1.10.2 Testosterone
Shifren 2000a 42 27 75 40 57 75 35% 0.04 [-0.28, 0.36] 2000 T
Shifren 2000k 45 43 7a 40 ar 75 3.5% 010[-0.22,0.42] 2000 T
Wisniewski 2002 2832 40,7 14 2098 19.6 13 31% 220[1.21,3.19) 2002 —
Braunstein 2005h i 7T 1M 33 771217 118 3.5% -0.03 [-0.29,0.23] 2005 T
Braunstein 2005¢ 295 649054 106 33 7TANT 19 35% -0.05[0.31,0.21] 2005 T
Buster 2005a 305 1615249 266 32 173.9498 266 3.5% -0.01 [-0.18,0.16] 2005 T
Buster 2005h 26.5 96.06 106 29 1656665 266  3.5% -0.02 [-0.24,0.21] 2005 T
Braunstein 2005a 37 8952516 110 33 7FA217 118 3.5% 0.05[-0.21,0.31] 2005 T
Davis 2006 69 68.9828 37 47 78T 40 34% 0.29[-0.15,0.74] 2006 ™
Mathorst-Boos 2006 71.4 387 30 659 35.4 a0 34% 0.15[-0.36, 0.65] 2006 T
Simon 2006 31 1623794 283 32 186.6732 279 3.5% -0.01 [[0.17,0.16] 2006 T
Elhage 2007 452 63.1 18 468 343 18 3.3% -0.03 [-0.68, 0.62] 2007 -
Kocoska-MAras 2009 4714 27.35 a0 B6.7T7 41.21 a0 3.5% -0.56 [-0.96,-0.16] 2008 -
Subtotal (95% CI) 1281 1469 44.7% 0.03[-0.10, 0.16] [
Heterogeneity: Tau®= 0.03; Chi®*=29.30, df=12 (P = 0.004), F= 59%
Testfor overall effect: Z=0.40 (P = 0.69)
1.10.3 Androstenedione
Leder 2002h 20 ] 10 21 11 10 3.2% -0.10[F0.97,0.78] 2002 T
Leder 2002a 18 g 10 21 11 10 3.2% -0.30[-1.18,0.58] 2002 71
Subtotal (95% CI) 20 20 6.3% -0.20 [-0.82, 0.43] L
Heterogeneity: Tau®= 0.00; Chi*=010,df=1 (P=0.75); F=0%
Testfor overall effect Z=0.62 (P=0.54)
Total (95% CI) 1905 2106 100.0% 1.85[1.36, 2.34] L 2
Heterogeneity: Tau®= 1.76; Chi*=1309.28, df= 30 (P < 0.00001); F= 98% 44 12 b é i
Testfor overall effect: Z=7.41 (P < 0.00001) Increased in control Increased in experimental

Testfor subaroup differences: Chi*=31.42, df= 2 (P < 0.00001), F=93.6%

Fig.3 Forest plot comparing estradiol (E2) serum levels between experimental and control groups

The second sensitivity analysis showed higher DHEA lev-
els in treated patients when hormones were measured with
highly accurate assays (2.30 ng/mL, 95% CI 1.61, 2.98 ng/
mL, p <0.001), and not when methodologies with low accu-
racywere used (0.82 ng/mL, 95% CI —0.26, 1.89 ng/mL,
p=0.140).

The third sensitivity analysis was not available for this
end point, since all included studies evaluated women with
physiological menopause.

Effect of androgen therapy on DHEAS levels
in menopausal women

DHEAS levels were evaluated in 16 studies (570 patients
vs 579 controls), all using DHEA as androgen formulation.
DHEA was significantly higher in cases compared to controls

(standard mean difference 1.50 ng/mL, 95% CI 1.36, 1.64 ng/
mL, p<0.001).

The second sensitivity analysis showed higher DHEAS
levels in treated patients, both when hormones were meas-
ured with highly accurate assays (1.42 ng/mL, 95% CI 1.26,
1.59 ng/mL, p <0.001) and methodologies with low accuracy
were used (1.67 ng/mL, 95% CI 1.42, 1.92 ng/mL, p<0.001).

The third sensitivity analysis was not available for this
end point, since all included studies evaluated women with
physiological menopause.

Effect of androgen therapy on androstenedione
levels in menopausal women

Androstenedione was evaluated in 15 studies (612 patients
vs 608 controls). Androstenedione was significantly higher

@ Springer
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% Cl Year IV, R 95% CI
1.2.1 DHEA
Stanczyk 2009a 24 10 10 27 25 10 T1% -3.00 [-19.659, 13.69] 2009 I
Stanczyk 2008h 23 ] 10 31 31 10  6.5% -8.00[28.01,12.01] 2009 ——
Kenny 2010 545 241 49 584 222 a0 8.4% -4.00[13.13,513] 2010 -T
Boxer 2010 54.5 241 43 585 222 50 84% -4.00[F13.13,5.13] 2010 -T
Subtotal (95% CI) 118 120  30.5% -4.21[-9.98, 1.55] 4
Heterogeneity: Tau®*= 0.00; Chi*=0.16, df= 3 (P = 0.98); F= 0%
Testfor overall effect Z=1.43(P=0.15)
1.2.2 Testosterone
Shifren 2000k 204 100 75 218 110 75 43%  -14.00[-47.64,19.64] 2000 -
Shifren 2000a 205 107 78 218 110 75 4.2% -13.00[-47.73,21.73] 2000 —
Wisniewski 2002 8.51 1.2 14 44 47 13 9.0% -3549[38.12,-32.86] 2002 -
Buster 2005a 81 6709484 266 97 T04.0827 266 0.6% -16.00[-132.88, 100.88] 2005
Braunstein 2005h 108 265.8149 111 119 286452 119  1.5%  -11.00[-82.37,60.37] 2005
Braunstein 2005a 107 201.0867 110 119 286.452 119 1.8% -12.00[75.73,581.73] 2005
Buster 2005h 83 B95.7994 266 95 6709494 266 06% -12.00[128.16,104.16] 2005
Braunstein 2005¢ 117 2544281 106 119 286452 119 1.5% -2.00 [-72.67, 68.67] 2005
Simon 2006 775 6162422 283 100 566.7308 279  0.9% -22.50[-120.36,75.36] 2006
Davis 2006 85 2989925 ar 85  71.9165 40 5.8% 0.00 [-24.29, 24 29] 2006 T
Leau 2006 32,6 233 16 52.2 08 21 T0% -19.60 [37.06,-2.14] 2006 —
Elhage 2007 a2 al 18 61 36 18 B.7% -9.00 [-28.25,10.25] 2007 T
Petzel 2008 32.25 325 10 B5.62 2958 22 549% -33.37 [57.00,-9.74] 2008
Kocoska-MAras 2009 7o 274 40 1009 41.8 a0 T.7%  -30.90[-44.75 -17.05] 2009 n—
Kocoska-MAras 2011 70 27.4 50 1009 418 50 7.7%  -30.90[-44.75-17.08] 2011 I
Davis 2014 543 599433 47  A75 5961944 45 4.4% -3.20[-36.12,29.72] 2014 T
Subtotal (95% CI) 1534 1577 69.5% -23.07 [-30.75, -15.39] L 3
Heterogeneity: Tau®= 67.43; Chi*= 26.16, df= 15 (P=0.04), F= 43%
Test for overall effect: Z=5.89 (P < 0.00001)
Total (95% CI) 1652 1697 100.0% -15.35 [-24.96, -5.75] <

e TalR = ChiE= - R L : ! !
Heterogeneity: Tau®= 263.53; Chi*=110.67, df=19 (P = 0.00001), F=83% ho 20 b 50 100

Test for overall effect Z=3.13 (P =0.002)
Test for subgroup differences: Chi*=14.81, df=1 (P =0.0001), F=93.2%

Reduced in experimental Reduced in control

Fig.4 Forest plot comparing sex hormone-binding globulin (SHBG) serum levels between experimental and control groups

in treated patients compared to the controls (standard mean
difference 3.53 pg/mL, 95% CI 1.96, 5.1 pg/mL, p <0.001)
(Fig. 6). This comparison remained significant when DHEA
(p <0.001) or androstenedione was administered (p =0.002),
while testosterone did not significantly change androstenedi-
one levels (p =0.330) (Fig. 6).

The second sensitivity analysis was available only for
DHEA administration. Androstenedione serum levels were
significantly higher in women treated with DHEA consider-
ing both studies with high accuracy (5.80 pg/mL, 95% CI
4.12,7.49 pg/mL, p <0.001) and low accuracy (1.25 pg/mL,
95% CI1 0.56, 1.94 pg/mL, p=0.020).

The third sensitivity analysis was not available for this
end point, since all included studies evaluated women with
physiological menopause.

Secondary end points extracted were not analysed, since
less than three studies evaluated each parameter.

Discussion

This meta-analysis demonstrates that androgen administra-
tion is able to modulate serum levels of sexual hormones in
postmenopausal women, depending on the type of andro-
gen formulation. Androgen administration increases serum
levels of E1, E2, testosterone, DHEA and DHEAS, while it
reduces the SHBG levels. However, this effect depends on
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the androgen formulation which was used: testosterone or
its precursors—DHEA and androstenedione. In particular,
the E1 and E2 levels increase was evident only in patients
treated with DHEA. This effect is in line with physiologi-
cal steroidogenesis. In fact, DHEA shows the highest affin-
ity for 3pHSD, which catalyzes the conversion of DHEA
to androstenedione that, through the action of gonadal aro-
matase enzyme (P450aro), is rapidly converted to E1 and E2
[4]. Thus, when DHEA is exogenously administered, it is
rapidly metabolized to the final circulating products [18, 19].
On the other hand, androstenedione administration did not
affect estrogen levels, although this finding is probably lim-
ited by the low number of studies included in this subgroup.
Finally, testosterone shows similar affinity to both P450aro
and Sa-reductase, therefore a portion of the hormone serves
as a precursor for synthesis of estrogens, while the remaining
portion is used for dihydrotestosterone (DHT) production
[4]. This might be why the final effect of testosterone treat-
ment in postmenopausal women was not an overall increase
in estrogen levels. Interestingly, independently of androgen
formulation administered to postmenopausal women, the net
effect was a rise in total testosterone serum levels.

These findings are of fundamental significance when
deciding the type of androgen substitution for menopau-
sal women. Basically, the two compounds differ in that
serum DHEA—but not serum testosterone—is the source
of intracellular testosterone in women; accordingly, there
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% Cl Year IV, R 95% CI
1.3.1 DHEA
Baulieu 2000 461 20 35 354 kil 35 7.5% 107.00[94.78,119.22] 2000 -
Labrie 2008a 100 10 10 90 10 10 7.7% 10.00[1.23,18.77] 2008 r
Lahrie 2008h 230 30 10 90 10 10 T1% 140.00 [120.40,159.60] 2008 -
Jankowski 2008 37225 219.97 25 152.28 B7.68 33  24% 219.97 [130.70,309.24] 2008 e
Lahrie 2008¢ 180 30 10 90 10 10 T1% 90.00 [70.40,109.60] 2008 -
Labrie 2008y 190 10 64 140 10 64 7.8% 50.00 [46.54, 53.46] 2008
Lahrie 2008h 180 10 63 140 10 63 T7.8% 50.00 [46.51, 53.49] 2008
Labrie 2008d 220 10 73 150 10 73 7.8% 70.00 [66.76, 73.24] 2008 -
Lahrie 2008f 200 10 71 150 10 71 T.8% 50.00 [46.71,53.29] 2008
Stanczyk 2009a 287 96.5 10 177 91.1 10 26% 110.00[27.75,192.25] 2009 I
Stanczyk 2009h 259 9.7 10 202 54.5 10 3.9% 57.00[-2.84,116.84] 2009 —
Kenny 2010 571.4 3203 49 2523 1508 50  2.0% 319.10[220.14, 418.06] 2010 —
Boxer 2010 571.4 3203 49 2523 1509 50 2.0% 319.10([220.14, 418.06] 2010 I
Merritt 2012 518.9 5228 24 1579 105.6 24 0.6% 361.00 [147.62,574.38] 2012
Caufriez 2013 152.28 71.6208 T 6589 22.3831 7 41% 86.29 [30.70,141.88] 2013 -
Subtotal (95% CI) 510 520 78.4% 80.71[67.78, 93.63] ]
Heterogeneity: Tau®= 374.92; Chi®= 439.86, df=14 (P < 0.00001); F=97%
Testfor overall effect: Z=12.24 (P < 0.00001)
1.3.2 Testosterone
Shifren 2000k 1,020 380 75 220 120 75 2.3% 800.00 [707.65, 892.35] 2000 e
Shifren 2000a 640 250 78 220 120 75 37% 420.00 [357.24, 482.76] 2000 -
Wisniewski 2002 850 170 14 670 270 13 0.8% 180.00[8.33, 351.67] 2002
Braunstein 2005¢ 445 1116.3725 106 180 2203477 119 0.5% 265.00([48.82, 481.18] 2005
Braunstein 2005h 1,225 3163197 111 180 2203477 119 01% 1045.00[455.22,1634.78] 2005 E—
Braunstein 2005a 910 2,063.7849 110 180 2203477 119 0.2%  730.00([342.30,1117.70] 2005 EEEEne—
Buster 2005h 655 6,668.0773 266 180 9111658 266 0.0%  505.00 [303.77,1313.77] 2005 *
Buster 2005a 730 82004926 266 180 9111658 266 0.0%  580.00 [411.54,1571.54] 2005 *
Simon 2006 700 5896.9348 283 160 1,018.2172 279 01%  540.00 [157.35, 1237.35] 2006 >
Davis 2006 630 644.8389 37 170 156.3401 40 0.6% 460.00 [246.65, 673.35] 2006
Mathorst-Boos 2006 2,240 1,490 30 274 20 30 01% 1966.00[1432.77,2489.23] 2006 4
Leau 2006 347 944 16 2697 1243 21 32% 77.30[6.83,147.77] 2006 —
Elhage 2007 1,095 721.05 18 4903 1156.3 18 0.2% 604.70 [267.37,942.03] 2007
Petzel 2008 121.32 62.05 10 17005 62 22 4.8% -48.73 [[95.10,-2.36] 2008 -
Kocoska-MAras 2009 8291 69374 50 152.28 21997 50 0.6% B76.82 [475.09, 878.55] 2009
Davis 2014 170 238.4107 47 40 33.2853 45 3.3% 130,00 [61.15,198.85] 2014 -
Subtotal (95% CI) 1514 1557  20.5% 492.40 [316.91, 667.88] B il
Heterogeneity: Tau?= 97747.57; Chi*= 427.71, df= 15 (P < 0.00001); F= 96%
Test for overall effect: Z=5.50 (P < 0.00001)
1.3.3 Androstenedione
Leder 2002h 1,220 540 20 270 130 10  04%  950.00 [F00.00,1200.00] 2002 —_—
Leder 2002a 760 280 10 270 130 10 0.6% 490.00 [293.03, 686.97] 2002 E—
Subtotal (95% CI) 30 20  1.0% 713.29[262.69, 1163.89] | = EIRERERR
Heterogeneity: Tau®= 92615.00; Chi*= 8.02, df=1 (P = 0.005); F=88%
Testfor overall effect: Z= 310 (P =0.002)
Total (95% Cl) 2054 2097 100.0% 131.79 [115.36, 148.22] 4
Heterogeneity: Tau®= 892.84; Chi*= 1052.08, df= 32 (P < 0.00001); F=97% oo 0 st0 1000

Testfor overall effect Z=15.72 (P < 0.00001)
Testfor subaroup differences: Chi*= 28.54, df= 2 (P < 0.00001), F=93.0%

Increased in control Increased in experimental

Fig.5 Forest plot comparing testosterone serum levels between experimental and control groups

is a lack of correlation between circulating testosterone
and its effects on androgen-sensitive tissues [2]. The
choice between prescribing DHEA or testosterone must
be based also on potential benefits as well as adverse
effects. Both DHEA and testosterone lead to an increased
androgen action, raising total testosterone serum levels
and decreasing SHBG. However, DHEA administration is
also associated with an increased estrogenic activity. This
“side effect” should be considered especially in women
with a high baseline risk due to a family history of breast
cancer or a biopsy-confirmed high-risk benign breast con-
dition and those with previous breast cancer [20]. Further-
more, it should be considered that, along with the risk of
breast cancer, aromatase gene expression increases with
age [21]. With regard to androgen signaling, preclinical
studies have shown that testosterone has anti-proliferative
and pro-apoptotic effects in some breast cancer cell lines

[22]. However, the action of the androgen receptor in dif-
ferent subtypes of breast cancer in humans has not been
clarified so far [23]. A recent systematic review on this
key safety concern identified only three relevant RCTs on
testosterone treatment [24]. Despite their heterogeneity,
which prevented a meta-analytic approach, and also sev-
eral flaws, the main being the incidence of breast cancer
not representing the primary end point, these studies sug-
gest that the use of transdermal testosterone to treat HSDD
in postmenopausal women does not increase the risk of
breast cancer. However, no reported trial has been of suffi-
cient duration to provide definitive conclusions. Similarly,
even though DHEA administration results in increased cir-
culating levels of estrogens, there is insufficient long-term
evidence to determine the effects of DHEA on the breast
[25]. Data on ovarian and endometrial safety with exog-
enous androgens are also very scarce.

@ Springer
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% Cl Year IV, Random, 95% CI
1.6.1 DHEA
Labrie 2008e 540 30 72 350 20 72 8.5% 7.41[6.49, 8.34] 2008 -
Labrie 2008g 390 20 64 300 20 64 B7% 4.47[3.82,5.13] 2008 -
Lahrie 2008a 250 30 10 160 20 10 8.2% 3.38[1.92,4.84] 2008 —
Labrie 2008h 380 el 10 160 20 10 67% 8.26[5.28,11.25] 2008
Labrie 2008¢ 340 60 10 160 20 10 81% 3.85(2.26,5.45) 2008 E—
Labrie 2008d 510 20 73 350 20 73 8.5% 7.96 [6.98, 8.94] 2008 s
Stanczyk 2009a 840 310 10 510 40 10 8.5% 1.43[0.42,2.44] 2009 I
Stanczyk 2008h 860 380 10 550 70 10 8.5% 1.09[0.13,2.04] 2009 —
Subtotal (95% CI) 259 259  65.7% 4.65[2.72, 6.58] -
Heterogeneity: Tau®=7.23; Chi®= 179.58, df= 7 (P < 0.00001); F= 96%
Testfor overall effect: Z=4.72 (P = 0.00001)
1.6.2 Testosterone
Simaon 2006 505 1,837.4507 283 520 2,630.3945 279  88% -0.01 F0.17,016] 2006
Kocoska-MAras 2009 1,370.5 609.14 50 727.58 236.89 50 87% 1.38[0.94,1.82] 2009 ~
Subtotal (95% CI) 333 329 17.5% 0.67 [-0.69, 2.03] -
Heterogeneity: Tau®= 0.93; Chi®*= 33.73, df=1 (P < 0.00001); F= 97%
Testfor overall effect: Z=0.97 (P=0.33)
1.6.3 Androstenedione
Leder 2002h 4,740 1,490 10 1,290 730 10 8.3% 2.82[1.51,4.13] 2002 I
Leder 2002a 2,260 510 10 1,290 730 10 8.5% 1.48[0.46, 2.49) 2002 -
Subtotal (95% CI) 20 20 16.8% 2.08[0.77, 3.39] T
Heterogeneity: Tau®= 054, Chi*= 2,52, df=1 {P=011); F= 60%
Testfor overall effect: Z=3.12 (P =0.002)
Total (95% CI) 612 608 100.0% 3.53[1.96, 5.10] -
Heterogeneity: Tau®=7.29; Chi*= 680.61, df=11 (P < 0.00001); = 98% _150 35 é 140

Testfor overall effect: Z= 4.41 (P = 0.0001)
Testfor subaroup differences: Chi*=10.91, df= 2 (P = 0.004), F=81.7%

Increased in control Increased in experimental

Fig.6 Forest plot comparing androstenedione serum levels between experimental and control groups

Considering the differences in the accuracy of testoster-
one measurement between different laboratory techniques
(high accuracy techniques—liquid/gas chromatography and
tandem mass spectrometry assays vs, low accuracy—direct
assays) [17], we performed sensitivity analysis which did not
change the overall results of our meta-analysis. Furthermore,
another sensitivity analysis was performed which showed
that the nature of menopause (surgical vs physiological) did
not influence the meta-analyzed levels of sex hormones.

The SHBG levels were significantly lower in patients with
physiological menopause receiving testosterone, whereas
they did not change in patients receiving DHEA. However,
it is important to note that in most of the meta-analyzed
studies, the mean baseline levels of SHBG were higher than
normal at baseline due to concomitant E2 treatment and
remained so at follow-up [26, 27]. Consequently, the SHBG
reduction is of uncertain clinical significance. Still, we could
speculate that the treatment with testosterone, as opposed to
DHEA, is able to modify circulating concentrations of free
sex steroids, facilitating their biological activity in target tis-
sues. From a metabolic perspective, low SHBG has recently
emerged as an independent marker of insulin resistance and
risk of type 2 diabetes, although the causal direction of this
association has not been clarified [28]. In postmenopausal
women, low concentrations of SHBG, but not high concen-
trations of total testosterone, are significantly associated
with a more adverse lipid and glucose profile [29, 30].

When considering the potential beneficial effects
of sex steroids on the peripheral tissues, treatment of
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postmenopausal genitourinary symptoms in the last decades
involved mainly estrogen-based therapies. Androgens have
recently come back in the spotlight as pivotal regulators of
genitourinary health in women. In placebo-controlled trials,
intravaginal DHEA improved vaginal cytological indexes,
dyspareunia and all domains of sexual function and is cur-
rently approved in several countries for the management of
moderate to severe dyspareunia due to menopause [31]. On
the other hand, data for the direct effects of systemic testos-
terone therapy on urogenital health in women are scant and
outdated, whereas data for systemic DHEA therapy on the
same outcome are not available [32]. The fact that circulat-
ing levels do not reflect the peripheral tissue exposure and
sensitivity to androgens, which are thought to be dramati-
cally variable between individuals, according to the genetic
differences in receptors and activity of the Sa-reductase and
aromatase enzymes, adds to difficulty in selecting candidates
for testosterone treatment. For all these reasons, both the
Endocrine Society guidelines [13] and the Findings from
the Fourth International Consultation of Sexual Medicine
[33] suggest a trial of physiological doses of transdermal T
therapy only in case of HSDD.

Overall, like other androgens, DHEA levels decline
steeply in the early reproductive years as a consequence of
aging [7]. Conversely, during the menopausal transition a
rise of DHEAS can be observed, attributed to the action of
high levels of LH on the adrenal cortex [34]. However, this
phenomenon is not completely understood. Here, we have
confirmed the previous evidences that DHEA administration
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increases both estrogens and testosterone in postmenopausal
women. This is quite different from that in men, in whom
after DHEA administration, only an estrogen increase is
generally observed [35, 36]. The increased DHEAS serum
levels detected after DHEA replacement therapy are fur-
ther useful considering the suggested neuroprotective effect
of this weak androgen. Indeed, circulating DHEAS levels
are positively associated with concentration and working
memory in women aged 21-77 years [37]. However, a
recent meta-analysis did not confirm the beneficial effect of
DHEA administration on improving cognitive performance
in people older than 50 years with dementia [38], leaving
doubts on the real effectiveness of this clinical application.
As for the effects of DHEA on sexuality, in 2015 a meta-
analysis which compared any dose and form by any route of
administration versus any other kind of intervention includ-
ing placebo in peri- and postmenopausal women found an
improvement in sexual function compared to placebo; there
were not enough data to undertake meaningful sub-analyses
of the various domains of sexual function [25]. It is worth
mentioning that several uncontrolled trials showed benefi-
cial endocrine and neuroendocrine effects of oral DHEA/
DHEAS supplementation, thereby suggesting a positive plei-
otropic role of androgens in women. These effects include
increased central and peripheral levels of 3-endorphins and
neurosteroids (in particular, allopregnanolone) [39, 40] and
have been proposed to substantiate the central positive action
of postmenopausal DHEA therapy [41].

Noteworthy, our meta-analysis highlighted that both
estradiol and testosterone mean serum levels remained in
a physiological range after androgen treatment. This could
have important implications for safety. Specifically, testos-
terone levels resulted in the high physiological range for
reproductive age (=400 pg/ml) [42], whereas estradiol lev-
els were approximately double of those normally found in
menopause (<20 pg/ml) and similar to levels found after
oral hormone replacement therapy (HRT) [43]. This gap
also highlights that testosterone circulates at much higher
concentrations than estradiol during pre- and postmeno-
pausal years in women, further suggesting its biological
significance.

Although there is a body of literature [26, 44] address-
ing the safety profile of androgen treatment in menopausal
women, there is still lack of understanding how the treatment
affects sex hormone levels. Resolving this issue will help
make final and reliable conclusions on the safety of androgen
treatment in menopausal women.

In summary, our meta-analysis is not designed to drive
conclusions in favor or against androgen replacement ther-
apy in menopause, but to point out to the hormonal changes,
which follow the hormonal administration. Whatever andro-
gen formulation we choose in postmenopausal women; the
end result is a rise in testosterone serum levels. However,

DHEA administration is also associated with an increase
in estradiol levels. This might be crucial when choosing the
best possible treatment for each individual patient taking
into consideration if potential benefits outweigh the risks.
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