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REVIEW

A current perspective into young female sex hormone replacement: a review
Miriam Giordano Imbroll a,b and Mark Gruppettaa,b

aDepartment of Medicine, Faculty of Medicine and Surgery, University of Malta, Mater Dei Hospital, Msida, Malta; bDepartment of Medicine, Mater 
Dei Hospital, Msida, Malta

ABSTRACT
Introduction: Hormone replacement in females with hypogonadism is advocated to address the 
various clinical aspects of estrogen deficiency.
Areas covered: This article focuses on hormone replacement in young females with hypogonadism, 
including a rationale as to why hormone replacement in such patients differs from treatment in 
postmenopausal females, a summary of symptoms encountered by females with hypogonadism and 
a comprehensive discussion of the various treatment options available, specifically focusing on the 
latest advances in the subject. A Medline search was conducted using different combinations of 
relevant keywords, giving preference to recent publications.
Expert opinion: Whilst traditionally oral contraceptive pills (containing ethynyl estradiol) were com
monly used as a form of hormone replacement, it is now increasingly recognized that this is not the 
optimal treatment option. Physiological hormone replacement with transdermal estradiol is found to be 
superior. Evidence suggests that micronized progesterone may be associated with fewer side effects, 
although its effect on endometrial protection is not yet proven. Synthetic progestins confer varying 
degrees of androgenic and thromboembolic properties which should be kept in mind when prescribing 
individualized treatment. Further studies in different sub-cohorts of female patients with hypogonadism 
might help address the specific needs of individual patients.
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1. Introduction

Female hypogonadism is defined as hypothalamic-pituitary- 
adrenal axis dysfunction leading to an estrogen deficient 
state and consequently menstrual cycle dysregulation [1]. 
Hypogonadism may be classified as premature ovarian 
insufficiency (POI) (failure arising from the gonads them
selves) or hypogonadotropic hypogonadism (secondary 
gonadal failure); the result of inadequate gonadotropin sti
mulation [2].

Female hypogonadism due to POI can be acquired or 
congenital. Acquired causes can be related to sudden 
destruction of follicles by chemotherapy, irradiation, or 
infections such as mumps oophoritis. Congenital causes 
of POI include an autoimmune process, occasionally asso
ciated with an autoimmune polyendocrine syndrome, and 
rarely genetic syndromes. Secondary hypogonadism (hypo
gonadotropic hypogonadism) may result from 
a dysfunction at a hypothalamic level, at a pituitary level 
or both [3]. This may be functional, resulting from exces
sive stress (psychogenic or physical), vigorous exercise, 
dieting, or chronic illness (such as chronic hepatic or 
renal insufficiency and AIDS), medication-related (antipsy
chotics and opiates), secondary to anatomically defined 
pathologic conditions of the hypothalamic-pituitary unit 
(including pituitary tumors, hemorrhagic pituitary destruc
tion, infiltrative diseases of the pituitary, empty sella 

syndrome, head injury, infection), irradiation of the head 
or genetically defined conditions such as isolated gonado
trophin deficiency [1,3].

The average age of natural menopause in females is 
approximately 50 years. One percent of women continue 
menstruating until the age of 60 years and beyond and 
another 1% stop menstruating before the age of 40 years 
[4]. Women exhibiting features of gonadal failure prior to 
50 years of age, especially before the age of 40 should be 
considered for sex hormone replacement therapy [5,6]. This 
consideration stems from the fact that many of the complica
tions associated with hypogonadism, irrespective of the cause, 
are primarily attributed to estrogen deficiency, underscoring 
the importance of physiological hormonal replacement in 
such patients.

This review aims to explore the rationale behind hormonal 
replacement in young females and to highlight the challenges 
in their management. It aims to construct a holistic, compre
hensive, evidence-based account whilst providing practical 
and salient points for practice. It also intends to integrate 
various inputs arising from different sources; including clinical, 
pharmacological, and physiological matters. Furthermore, this 
review aims to discuss the various hormonal replacement 
options available for these patients, outlining recent argu
ments and developments in this field; including the benefits 
and risks of specific treatments.
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2. Methods

To address these aspects, a thorough and comprehensive 
review of the relevant guidelines and literature has been 
undertaken. A Medline search was conducted using different 
combinations of relevant keywords: ‘female hormone replace
ment therapy,’ ‘menopausal hormone therapy,’ ‘female hypo
gonadism,’ ‘premature ovarian failure/insufficiency,’ 
‘premature menopause’ ‘estrogen,’ ‘progestogen.’ The litera
ture search was subsequently expanded to focus on relevant 
important aspects in this field. Relevant guidelines, position 
statements, and review articles were also researched. 
Furthermore, to ensure a comprehensive and wide-ranging 
analysis of the literature relevant to the area being reviewed, 
pertinent publications were subsequently manually pursued 
from other cited papers in retrieved articles. A preference to 
recent publications was made.

3. Background to hormone replacement

Most evidence related to hormone replacement therapy 
results from studies performed in post-menopausal females. 
The Women’s Health initiative (WHI) trial was one of the 
largest US prevention studies of its kind and the original 
study design was to follow-up patients over a period of 9 
years. The type of hormone replacement used in the treat
ment arm was 0.625 mg conjugated equine estrogens (CEE) 
and medroxyprogesterone acetate (MPA) in patients with an 

intact uterus. Interim monitoring indicated an increased risk of 
coronary heart disease (CHD), breast cancer, stroke, and pul
monary embolism in the treatment group as opposed to the 
placebo group. This was reflected in the initial reports [7]. 
Consequently, the part of the study using a fixed combination 
of CEE and MPA was halted after an average follow-up period 
of 5.2 years. These initial results had dissuaded various 
patients and clinicians from utilizing hormonal replacement 
therapy in the post-menopausal age group [8].

Subsequent analysis of the WHI [9] was carried out on the 
10,739 postmenopausal women with a previous hysterectomy 
that had been randomized to CEE or placebo. Over a 6.8 year 
period, there was an increased risk of stroke, decreased risk of 
hip fracture, no effect on CHD, and possibly a reduction in 
breast cancer incidence. The latter was eventually confirmed 
on further extended follow up [10,11]. Another secondary 
analysis of the WHI [12] was carried out on the 10,739 post
menopausal women on CEE alone together with 16,608 
women with an intact uterus who were given CEE and MPA 
or placebo. An interesting finding in this analysis was that 
women who initiated hormone therapy closer to menopause 
(less than 10 years since menopausal onset) tended to have 
reduced CHD risk when compared to the increased risk in 
women starting hormone replacement at a later stage 
(between 10 and 19 years since menopause and after 
20 years since menopause), although this trend did not 
reach statistical significance. A similar trend was observed for 
total mortality. Risk of stroke on the other hand was elevated 
irrespective of years after menopause [12].

Other studies highlighting the diverging risks in different 
age groups, were the Early versus Late Intervention Trial with 
Estradiol (ELITE) and the Kronos Early Estrogen Prevention 
Study (KEEPS) study. The ELITE study, randomizing patients 
to either receiving 1 mg 17β estradiol plus vaginal progester
one for 10 days every 30 days (in women with a uterus) or 
placebo, showed that carotid intima media thickness was less 
over 5 years in those taking estradiol. This finding was noted 
in those patients who started treatment less than 6 years from 
onset of menopause and was not seen in those who were 
randomized to treatment more than 10 years after menopause 
[13]. In the KEEPS study, hormone therapy in the form of either 
CEE or transdermal 17β-estradiol started in recently menopau
sal women had no adverse effect on the rate of carotid intima 
media thickness and no increase in venous thrombosis. 
Ancillary studies demonstrated a positive effect on mood in 
those taking CEE and an improvement in hot flushes, sleep 
patterns, and maintenance of bone mineral density in both 
groups receiving the different estrogens [14].

Moreover, one must be mindful and acknowledge that 
these trials were carried out specifically in post-menopausal 
females. Specific research regarding hormone replacement 
therapy in young patients (less than 50 years) exhibiting 
female hypogonadism (including those with early menopause) 
is scanty. Such patients are recognized to exhibit 
a pathological state of estrogen deficiency when compared 
to their peers with normal ovarian function. By prescribing sex 
hormone replacement, one aims to restore normal physiolo
gical states, thus predicting that adverse effects would be 
even less than in those starting treatments after natural 

Article highlights 

● The etiology of female hypogonadism is varied and may be classified 
as premature ovarian insufficiency (failure arising from the ovaries 
themselves) or secondary gonadal failure, also known as hypogona
dotropic hypogonadism; the result of inadequate gonadotropin 
stimulation.

● Women exhibiting features of gonadal failure prior to 50 years of age, 
especially prior to the age of 40, should be considered for sex 
hormone replacement therapy in order to avoid the complications 
of early menopause (menopausal symptoms, increased mortality 
mainly related to cardiovascular disease, bone health, and neurolo
gical sequelae).

● By prescribing sex hormone replacement, one aims to restore normal 
physiological states, therefore in such a context the term ‘replace
ment’ is indeed pertinent as opposed to the concept of ‘extension’ of 
hormone therapy in the post-menopausal age group.

● Hormonal replacement consists of an estrogen component as well as 
a progestogen component, in females possessing a uterus.

● Oestradiol is superior to ethinyloestradiol in terms of cardiovascular 
parameters, thromboembolic risk, and bone health. Furthermore, the 
use of transdermal or transvaginal estrogen therapy has been asso
ciated with a decreased risk of thromboembolism and possibly 
stroke, when compared to the classical oral formulation.

● Different progestogens have a varying affinity to the progesterone 
receptor and other steroid receptors: mineralocorticoid, glucocorti
coid, and androgen receptors. These differing actions, together with 
other factors including route of administration, pharmacokinetics, 
and protein-binding strength, explains the differing androgenic and 
thromboembolic profiles.

● Treatment with testosterone was found to have positive effects on 
cardiometabolic risk factors, quality of life, and neurocognitive func
tions but long-term studies confirming safety and efficacy are lacking.

● With regards to follow up, a multidisciplinary setting is advisable and 
aims to address specific patients’ needs according to the varied 
aetiology of female hypogonadism.

2 M. GIORDANO IMBROLL AND M. GRUPPETTA



menopause has occurred. In the former group, the term ‘repla
cement’ is indeed pertinent, as opposed to the concept of 
‘extension’ of hormone therapy as is in post-menopausal 
women [2,15,16].

4. Symptoms of estrogen deficiency in young 
females

Early menopause is associated with increased mortality [17– 
22] mainly related to cardiovascular disease. They also have 
increased morbidity related to bone health and neurological 
sequelae [2,16].

4.1. Cardiovascular consequences

Menopause is considered to be an independent risk factor for 
cardiovascular disease as evidenced by its inclusion in the 
Framingham model of cardiovascular risk [23]. It is uncommon 
for females under the age of 60 to suffer from coronary heart 
disease [24]; however, females with untreated early meno
pause tend to lose this protectivity [25–27]. Furthermore, in 
a study by Ossewaarde et al. (2005), ischemic heart disease 
mortality was found to be 2% lower with each increasing year 
of age at menopause [22].

Studies supporting this association between menopause 
and mortality include the Study of Women’s Health Across 
the Nation (SWAN) [28] where an increase in low-density 
lipoprotein cholesterol, total cholesterol and apolipoprotein 
B were found to be related directly to the last menstrual 
period date. Significantly less carotid atherosclerosis was 
documented in women with late menopause or women mak
ing use of postmenopausal estrogens as opposed to women 
with early menopause and no estrogen use [29].

In patients with early menopause, treatment with hormone 
replacement may potentially offset this adverse cardiovascular 
effect. In a study by Elsheikh et al., 21 women with Turner’s 
syndrome were studied prospectively, and treatment with 
hormone replacement therapy had a favorable effect on cen
tral arterial hemodynamics [30]. Similarly, in another study, 
endothelial function was restored in females with premature 
ovarian insufficiency when treated with hormone replacement 
therapy [31].

4.2. Bone related consequences

Early menopause, irrespective of the cause, is clearly asso
ciated with reduced bone mineral density (BMD) [32–39]. 
Although this has not yet been adequately demonstrated, it 
is very likely to be associated with an increased risk of fracture 
later on in life [6]. This is of prime concern in young females 
with premature menopause, more so in patients who have not 
attained peak bone mass (around age 30 years) due to pro
longed estrogen deficiency prior to this age [34,40,41].

Addressing modifiable risk factors such as smoking cessa
tion, restoration of vitamin D levels, exercise, weight manage
ment, and calcium supplementation, may be helpful in 
contributing to restoring bone mineral density [34,42,43]. 

However, hormone replacement therapy is recommended to 
maintain bone health and prevent osteoporosis [44–47].

4.3. Cognitive function

Estrogen replacement in postmenopausal females has been 
found to be neuroprotective and associated with a decreased 
risk of Alzheimer’s disease [48] and dementia [49]. Studies 
have also shown cognitive decline and Parkinsonism in 
patients with early menopause [50,51].

4.4. Other symptoms

Women with hypogonadism due to primary ovarian insuffi
ciency may experience symptoms identical to those experi
enced by women who proceed through menopause naturally. 
These include vasomotor symptoms (hot flushes and night 
sweats) and features of sexual dysfunction (vaginal dryness, 
dyspareunia, and decreased libido) [15]. These symptoms can 
sometimes be quite severe and together with fertility issues 
inherent in these conditions may contribute to the psycholo
gical distress associated in such cases [52,53]. Patients should 
be offered psychological support and lifestyle interventions 
[52]. In a study by Smith et al., females with premature ovarian 
insufficiency had a higher preponderance for dry eye syn
drome than age-matched controls [54] however no study to 
date has explored whether treatment with androgens or estro
gen ameliorated these symptoms.

5. Hormone replacement therapy (HRT)

Hormonal replacement consists of an estrogen component as 
well as a progestogen component, in females possessing 
a uterus. Replacement aims to promote and maintain second
ary sexual characteristics and, as already alluded to, to reduce 
the risk of developing long-term complications such as cardi
ovascular disease and osteoporosis [4]. Both estrogen and 
progestogen can be administered via multiple different for
mulations. Recently, the management of female patients with 
hypogonadism is moving away from the conventional oral 
contraceptive pill and post-menopausal hormone replacement 
therapy, toward a more physiological hormonal mode of 
replacement [2,6,45,55,56].

5.1. Estrogen replacement

Estrogen replacement comes in different formulations (Table 
1). Recent evidence indicates that the use of transdermal or 
transvaginal estrogen therapy is the preferred route when 
compared to the classical oral formulation, either alone or 

Table 1. Common estrogen options available.

● Natural estrogens
● Oral micronized estradiol 0.5–2 mg (estradiol valerate)
● 17β-estradiol transdermal patches 100–200 µg
● Estrogen transdermal gel 1–2 mg

● Synthetic estrogens
● Oral ethynyl estradiol 20–35 µg

● Conjugated equine estrogen 0.625–1.25 mg
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combined with a progestogen as first-line hormone replace
ment for women in menopause [57]. The advantages asso
ciated with the former two options of delivery are related to 
the fact that they bypass the first-pass effect on the liver that 
occurs and is inevitable when estrogen is administered orally 
[15]. Evidence suggests that the risk of thromboembolism and 
cardiovascular events (including stroke) is decreased with the 
transdermal route, as opposed to oral estrogens [15,57–61].

The ‘type’ of estrogen also plays a role on the risk of 
thromboembolism. Most oral contraceptive pills (OCPs) con
tain the synthetic ethynyl estradiol (EE). Over the years, for
mulations of OCPs containing EE have reduced the dose of EE 
with the aim of reducing the risk of VTE. Most oral formula
tions currently contain 10–35ug of EE [62]. HRT preparations 
containing ‘more’ physiological estrogens in the form of estra
diol valerate and 17β-estradiol are preferred [45,56,63]. These 
seem to be safer than the synthetic EE [6]. EE was initially used 
as the estrogen component in OCPs because of the low bioa
vailability of estradiol (5%) as opposed to EE (38–48%) [64,65]. 
Eventually, micronization and esterification of estradiol 
enhanced its bioavailability. This also facilitated its use for 
contraceptive purposes [66]. The affinity of estradiol valerate 
for the estrogen receptor is 50 times less that of 17β-estradiol 
[67]. Therefore, it is essentially inactive and acts solely as 
a prodrug of 17β-estradiol, the active drug. The conversion 
of estradiol valerate to 17β-estradiol occurs in the gut and 
liver [68]. Furthermore, the enzyme 11β-hydroxylase converts 
17β-estradiol to estrone which in turn can be reconverted to 
its original state. Thus, estrone acts as a reservoir for 17β- 
estradiol. This pharmacokinetic equilibrium provides for 
a fairly stable estradiol level following oral estradiol valerate 
administration [69].

The systematic review by Mohammed et al., (2015) 
included 15 observational studies with follow-up of 3 to 
20.15 years comparing transdermal estrogen therapy with 
oral estrogen in the postmenopausal age group. There was 
an increased risk of first episode of venous thromboembolism, 
deep vein thrombosis, and possibly stroke but not MI [57]. 
A preceding systematic review [60], investigating the effect of 
non-oral hormonal therapy with oral formulations on cardio
vascular markers found potentially unfavorable changes in 
CRP and activated protein C, in the arm prescribed oral hor
mone therapy. The latter study was again carried out in post
menopausal women. More importantly, a study comparing the 
effects of hormone replacement on multiple parameters in 
women with premature ovarian failure, physiological hormone 
replacement with transdermal estradiol and vaginal progester
one was superior to standard OCP (EE and norethisterone). 
Although both arms caused similar luteinizing hormone and 
follicle-stimulating hormone suppression and symptom relief, 
the former group had less activation of the renin-angiotensin 
system, enhanced blood pressure control and a positive effect 
on renal function; all contributing to the crucial long-term role 
in cardiovascular health in females requiring long-term hor
mone replacement [56].

In the study by Cartwright [55], patients with spontaneous 
premature ovarian failure were randomized to no hormonal 
treatment for 2 years, COCP (EE/levonorgestrel), or hormonal 
treatment in the form of oral estradiol hemihydrate and 

norethisterone acetate. Lumbar bone density was superior in 
those receiving the latter combination as opposed to those 
receiving COCP, whereas in those patients off treatment there 
was a drop in bone density. Bone turnover markers showed 
similar reductions in the two treatment arms [55]. 
Furthermore, in another study, transdermal estradiol and vagi
nal progesterone were found to be superior to standard hor
mone replacement with EE and norethisterone on lumbar 
bone mass and bone formation markers over a 12-month 
period [45].

In postmenopausal women, the thromboembolic risk was 
found to be increased by up to 5–8 times in patients taking 
oral estrogen, especially those with underlying obesity or 
clotting disorders, but not in patients making use of transder
mal estrogens [58,59,70,71]. Similarly, in another meta- 
analysis, thromboembolic risk, and possibly the risk of stroke 
was increased with oral as opposed to transdermal estro
gen [57].

Endometrial thickness and to a lesser extent uterine 
volume were more favorable with physiological replacement 
(transdermal estradiol and vaginal progesterone) as opposed 
to the standard OCP (EE 30 mg and norethisterone 1.5 mg 
daily) [72].

Another justification for hormone replacement moving 
away from the classical OCP is the fact that OCPs provide 
supraphysiological doses of synthetic estrogen, aiming to sup
press ovulation in a female with normal menstrual cycles, 
rather than just ‘replacing’ ovarian function [15]. 
Furthermore, most OCPs have a typical 1-week ‘pill-free’ inter
val each month, resulting in an ‘oestrogen-deficient’ state. 
Over a one-year period, this adds up to a significant amount 
of time over a period of a year where the body is not exposed 
to estrogen. Some patients may also develop menopausal 
symptoms during these ‘pill-free’ intervals [15].

5.2. Progestogen replacement

In females possessing a uterus, hormone replacement 
should include both an estrogen and a progestogen. 
A cyclical progestogen provides endometrial protection 
and acts against endometrial hyperplasia resulting from the 
sustained use of unbalanced estrogens [6,73,74]. There are 
various modes of progestogen administration, including oral 
or transdermal formulations as well as continuous/combined 
single estrogen and progestogen regimens. The progesto
gen component in HRT may be natural or synthetic (Table 2). 
Natural progesterone has a molecular structure that is bioi
dentical to endogenous progesterone, as opposed to syn
thetic progestogens (progestins) which embrace a different 
structure. The latter harbor similar effects to endogenous 
progesterone but may have differing progesterone receptor 
actions. Biological and physiological effects of progestogens 
are elicited through their binding with the nuclear proges
terone receptors. Different progestins bind with a high, 
though varied affinity, to the progesterone receptors. 
Additionally, progestogens have varying affinity to other 
steroid receptors: mineralocorticoid, glucocorticoid, and 
androgen receptors. The differing actions, resulting from 
the degree of binding of these receptors, together with 
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other factors including route of administration, pharmacoki
netics, and protein-binding strength, explains the differing 
bioavailability and activity of various progestogens 
[62,63,75,76].

Micronization of natural progesterone increases its half-life, 
decreases particle size and enhances the dissolution leading to 
enhanced bioavailability [77]. Whilst it is not widely pre
scribed, micronized progesterone is suggested to have no 
effect on mood, it does not decrease HDL cholesterol and 
does not adversely affect pregnancy outcomes as opposed 
to synthetic progestins [78]. Data regarding postmenopausal 
females, suggest that micronized progesterone does not seem 
to have an effect breast cancer risk, has no effect on blood 
pressure, reduces the incidence of new onset diabetes [79,80] 
and improves the quality of life [81]. In the Kronos Early 
Estrogen Prevention study (KEEPS), a study carried out in 
postmenopausal women, micronized progesterone added to 
estrogen replacement had no effect on coronary artery cal
cium scores, carotid intima media thickness, insulin resistance, 
lipids and blood pressure [82]. However, there is a paucity of 
evidence for its effectiveness in its use as HRT for endometrial 
protection [15,83]. This may be attributed to the fact that the 
recommended dose of micronized progesterone with full 
estrogen replacement is inadequate to provide full endome
trial maturation, making this an unattractive choice in young 
women with POI who need long-term treatment [15]. 
Transdermal natural progesterone cream use was also studied. 
Complex pharmacokinetics were evident, and it was con
cluded that inconsistent and unreliable results regarding its 
absorption and clinical effects rendered its use unsupported 
by evidence [84,85].

There is paucity of data on the use of progesterone secret
ing intrauterine devices in patients with POI, since most stu
dies have been carried out in postmenopausal women. There 
are diverging views with some advocating its safety (concep
tual less exposure to systemic progestogen), efficacy (higher 
protection against endometrial hyperplasia), contraception, 
and compliance [86–88]. On the other hand, the cessation of 
regular menses, might be an undesirable effect in young 
females seeking to ‘normalize’ their reproductive lives [15].

Dydrogesterone (Table 2), is a stereoisomer of progester
one and a highly selective synthetic progestin, considered 

more ‘natural’ than most. It binds almost exclusively to the 
progesterone receptor and has no estrogenic, androgenic, 
antiandrogenic, or glucocorticoid activity [89]. In one of the 
few long-term controlled studies published on HRT in young 
women with early menopause, the NIH Intramural Research 
Program Study, medroxyprogesterone was the progesterone 
used [90]. Medroxyprogesterone is a non-testosterone derived 
21-carbon progestin that has proven to be capable of indu
cing a fully secretory endometrium when given with appro
priate doses of estrogen in regular monthly cycles [15,91]. It 
also exhibits significant glucocorticoid activity [62].

On the other hand, other available synthetic progestins can 
be testosterone-related, including norethisterone, levonorges
trel and norgestrel, and its derivatives desogestrel, norgesti
mate, and gestodene. Levonorgestrel; a potent progestogen, 
and norethisterone have no glucocorticoid and anti- 
mineralocorticoid activity but have some androgenic activity 
[92,93]. Interestingly, norethisterone was noted to be mini
mally aromatized to EE in the liver. This, however, does not 
seem to be clinically relevant at standard doses (1 mg) but 
might be clinically significant at higher doses (5 mg) [94,95]. 
Regarding transdermal systems, formulations containing nor
ethisterone acetate and levonorgestrel in combination with 
transdermal estradiol are available and have been found to 
provide effective endometrial protection. Either sequential 
transdermal systems with a progestogen component added 
to estradiol in the second phase of the menstrual cycle (where 
regular cyclical bleeding is expected) or a continuous com
bined system with both estradiol and the progestogen deliv
ered throughout, are available. Most of these transdermal 
systems use norethisterone acetate in a 4-day delivery system 
whilst a 7-day levonorgestrel delivery system is also available 
[96–99].

Newer compounds of synthetic progestins are less andro
genic and in instances, antiandrogenic. Table 3 depicts the 
relative androgenicity and thromboembolic risk of the respec
tive progestins. The older generation progestins; such as nor
ethindrone, norethisterone, and levonorgestrel have relatively 
high androgenicity, however, venous thromboembolic risk is 
relatively lower than that of the newer generation progestins. 
The latter progestins include norgestimate, gestodene, and 
desogestrel [92,100,101].

Table 2. Classification of most commonly used Progestins.

● Natural
● Synthetic

● Semi-synthetic
● Medroxyprogesterone acetate
● Dydrogesterone

● Testosterone derived
● Norethisterone
● Norgestrel
● Levonorgestrel

● Newer less androgenic
● Desogestrel
● Norgestimate
● Gestodene

● Anti-androgenic
● Drospirenone
● Dienogest
● Cyproterone acetate

(Adapted from [62,92]) 

Table 3. Relative androgenicity and thromboembolic risk of the different 
progestins.

Generation Names
Relative 

androgenicity

Relative Venous 
thromboembolic risk 
(compared to no oral 

contraceptive)

Medroxyprogesterone 
acetate

Medium

1 Norethindrone Medium +
1–2 Norethisterone High +
2 Levonorgestrel High +
2–3 Norgestimate Low +
3 Gestodene Low ++
3 Desogestrel Low +++
4 Drosperinone Antiandrogenic +++
4 Dienogest Antiandrogenic ++/+++

Cyproterone acetate Antiandrogenic +++

(Adapted from [62,100,101]) 

EXPERT REVIEW OF ENDOCRINOLOGY & METABOLISM 5



Other progestins found in certain OCPs include drospire
none and dienogest. Drospirenone has antiandrogenic and 
antimineralocorticoid properties but a relatively higher throm
botic risk [92,100] (Table 3). It is structurally related to spiro
nolactone with weak diuretic activity resulting in water and 
sodium excretion and a slight decrease in blood pressure. 
3 mg drospirenone is equivalent to about 9–10 mg spirono
lactone. On the other hand, 2 mg cyproterone acetate exerts 
a diuretic effect equivalent to 50 mg spironolactone [92,102]. 
Trials comparing OCP containing 3 mg of drospirenone with 
2 mg cyproterone acetate showed similar reductions in hirsut
ism scores, suggesting an effect possibly related to ovarian 
suppression [103]. Dienogest is another progestin that has 
high bioavailability and absorption rates, an antiandrogenic 
effect with no glucocorticoid, mineralocorticoid, and estro
genic activity [76,92].

Various studies evaluating the thromboembolic risk noted 
that second-generation androgenic progestins conferred the 
lowest increased VTE risk (2–3 fold increased risk compared to 
the general population) as opposed to the later generation 
nonandrogenic progestins (5–7 fold increase risk) [62,104– 
106]. Interestingly, studies investigating progesterone-only 
contraceptives did not seem to confer increased VTE risk 
[106,107]. Hence, it was suggested that the increased VTE 
risk of combined contraceptives seems to be related to the 
interplay between the estrogen and progestin component, 
suggesting that some progestins might actually be mitigating 
the increased VTE risk to some extent. The results in a number 
of studies may suggest that the risk of VTE associated with EE 
was more antagonized with the use of some progestins parti
cularly those which are more androgenic (second generation 
progestins) [101,108]. This implies that factors that determine 
the VTE risk in a particular formulation include; the type of 
estrogen and its mode of administration, the type of progestin 
and the interplay between the two. In a recent large interna
tional prospective-controlled surveillance study (INAS-SCORE), 
the use of estradiol valerate with dienogest was compared to 
other EE containing oral contraceptives pills, and the rate of 
VTEs was significantly lower when compared to all patients on 
other OCP but similar in comparison to those on EE/levonor
gestrel (the latter group having the lowest increased VTE risk) 
[109]. In another recent study on 80,396 women predomi
nantly postmenopausal diagnosed with VTE, in comparison 
to women with no exposure, CEE and MPA was found to 
confer the highest VTE risk, whilst estradiol with dydrogester
one the lowest risk [71].

5.3. Testosterone treatment

Around 50% of endogenous testosterone in females is pro
duced by the ovaries [110]. Therefore conceptually, there is an 
element of androgen deficiency in patients with premature 
ovarian insufficiency which may play a role in some of the 
symptoms experienced by these patients [15].

In postmenopausal females, testosterone treatment may 
be effective in improving sexual function [111]; however, 
long-term effects may not be clear [112]. In a randomized 
placebo-controlled trial in patients with bilateral salpingo- 

oophorectomy and hysterectomy, patients treated with 
300ug of testosterone were found to have an improvement 
in the sexual activity score and treatment was well tolerated 
over a 24 week period [113]. Androgen replacement, in 
patients with Turner’s syndrome having POI, was found to 
be safe and provided beneficial effects on body composi
tion, neurocognition, and quality of life [114]. Treatment 
with androgens in patients with POI should be considered 
only after obtaining comprehensive-informed consent, 
which includes information about the emerging evidence 
regarding androgen treatment and its beneficial outcomes, 
but also information about the paucity of data regarding 
long-term health effects [6].

6. Follow up of patients

Clinical assessment in patients started on hormone repla
cement therapy should minimally occur on a yearly basis. 
Issues regarding compliance should be reinforced [6] and 
any issue related to the practical aspect of treatment 
should be addressed. Management should ideally take 
place in a multidisciplinary setting, with particular atten
tion given to prevention of potential morbidities including 
bone health and cardiovascular disease [2]. No evidence 
associates hormone replacement therapy with a greater 
risk of breast cancer than the normal menstruating 
women, so if no other risk factors coexist, patient with 
POI do not need mammographic screening earlier than 
that recommended for the general population [2]. On 
a case by case basis, breast ultrasonography might be 
considered before commencement of HRT. Special atten
tion should also be given to reproductive health, including 
contraception and fertility, together with the emotional 
support this entails [2].

Although the mean age of natural menopause is 
50 ± 4 years [115], clinicians should embark on attempting 
individualized judgment regarding when and how to dis
continue treatment with HRT, depending on one’s indivi
dual clinical scenario [15]. Patients with a strong family 
history of osteoporosis or ischemic heart disease might 
consider treatment for a longer period of time, whereas 
women with a strong family history of breast cancer might 
consider stopping treatment at an earlier age [15].

7. Conclusion

In premenopausal females, hormonal replacement of ovarian 
sex steroids is truly replacing hormones that would normally 
be present in this age group. It is in fact paramount to prevent 
the morbidity and mortality associated without treatment. 
Recent advances and studies have shown that some of the 
more recently available drugs can better mimic normal ovar
ian physiology, in such a way to reduce menopausal symp
toms, whilst maintaining bone health and cardiovascular 
protectivity. In this review, we have highlighted the latest 
approaches to replacement whilst discussing the various 
options available.
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8. Expert opinion

Currently, one finds extensive literature available regarding 
hormonal replacement in postmenopausal females, and even 
though the place and use of HRT in this age group has gone 
through various phases, recently the pendulum seems to be 
swinging back to favoring treatment, especially in the early 
postmenopausal years [8]. Conversely, the place of hormone 
replacement in the hypogonadal females in premenopausal 
age group has never been disputed and lately, there have 
been major developments in research focusing on this area. 
Hormone replacement therapy in premenopausal women is 
deemed to be truly ‘replacing’ hormones which physiologi
cally are deficient, as opposed to ‘prolongation’ of hormone 
treatment in the post-menopausal age group [6]. Therefore, 
inferences emerging from studies carried out in postmeno
pausal settings, especially in the older age group might not 
necessarily translate to women in a younger age group. 
Recent reports have addressed the specific clinical needs for 
this group of patients.

Furthermore, the specific drugs and formulations used as 
hormone replacement have been shown to impact important 
long-term outcomes. While traditionally oral contraceptive 
pills (containing ethynyl estradiol) were commonly used as 
a form of hormone replacement, it is now increasingly recog
nized that even though this might be effective in treating 
some of the symptoms arising from estrogen deficiency, this 
would not have been achieved through a physiological 
approach leading to poorer long-term outcomes. Studies 
using physiological hormone replacement via transdermal 
estradiol preparations had better cardiovascular [56] and 
bone-related outcomes [45,55] compared to standard OCP 
(EE containing). The route of estrogen administration has 
also been found to impact long-term morbidity. Transdermal 
estradiol was found to have more favorable effects on blood 
pressure control [56] endometrial thickness [72], lumbar bone 
mass [45], and thromboembolic risk [58,59,70].

Micronized progesterone, the more ‘natural’ type, is sug
gested to be associated with fewer side effects [79,80,82], 
although its effect on endometrial protection is not yet proven 
[15]. Synthetic progestins confer varying degrees of andro
genic and thromboembolic properties. The increased throm
boembolic risk of combined formulations seems to be related 
to the interplay between the estrogen and progestogen com
ponent, with a possibility that certain progestogens can miti
gate the increased thrombotic risk to some extent [92,104– 
106]. Therefore, these factors must be kept in mind when 
choosing the type of progesterone for the individual patient.

While the role of testosterone replacement in a group of 
patients with early menopause has shown some benefits on 
cardiometabolic risk factors, quality of life, and neurocognitive 
functions [114] from initial studies, long-term studies confirm
ing safety and efficacy are needed to address these queries 
and provide a platform for its routine use [6].

Considering the multifaceted clinical needs that such patients 
encounter, a multidisciplinary approach to research in this area is 
required emphasizing a holistic approach including input from 
specialties such as psychology, oncology, and fertility manage
ment. Furthermore, the etiology of these hypogonadal patients 

varies significantly (Ex hypogonadotropic hypogonadism, 
Turner’s syndrome, radiotherapy or chemotherapy induced POI, 
etc. This variation in etiology may play a role in the various 
responses seen with specific treatments. The study of patient 
sub cohorts to understand the particular needs for treatment 
depending on one’s etiology would be a welcoming develop
ment in this field. Patient’s preference should also be taken into 
consideration when deciding on which treatment option to offer. 
Moreover, personalized prescription approaches based on 
women’s genotype might be made available in the future, mak
ing hormone therapy prescribing safer and more effective [8].
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