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BACKGROUND: Premature ovarian insufficiency (POI), often and misleadingly referred to as ‘premature menopause’, is defined as a
loss of ovarian activity before the age of 40 years and is characterized by irregular or absent periods and reduced fertility. Symptoms
include those associated with the natural menopause (night sweats and vaginal dryness), and with the long-term adverse effects of
estrogen deficiency (osteoporosis and cardiovascular disease): the latter is believed to explain the shorter life expectancy associated
with POI.

OBJECTIVE AND RATIONALE: The objective of the current review was to collect all relevant studies supporting recommendations on
the indications, treatment options, and risks of hormone replacement therapy (HRT) (estrogen, progestogens and androgens) for women
with POI.

SEARCH METHODS: The current review was written based on the best available evidence on the topic collected for the recently pub-
lished ESHRE guideline on the management of women with POI. PUBMED/MEDLINE and the Cochrane library were searched in a stepwise
approach. Relevant references were summarized in evidence tables, with assessment of the quality.

OUTCOMES: HRT is strongly recommended for women with POI, mainly for vasomotor and genito-urinary symptom relief. In addition,
HRT has been shown to have a role in bone protection and probably also in primary prevention of cardiovascular disease. There is little
evidence on the optimal type, regimen and dose of HRT; patient preference for route and method of administration of each component of
HRT must be considered when prescribing, as should contraceptive needs. In women with POI, physiological replacement of estrogen
(and progesterone) is essential for their health, and the controversies that surround the use of HRT in postmenopausal women do not
apply.

LIMITATIONS, REASONS FOR CAUTION: N/A.

WIDER IMPLICATIONS: New areas of study on HRT for women with POI should focus on life expectancy, quality of life and neurological
function. Furthermore, randomized controlled trials comparing transdermal estradiol with oral estrogens with regard to efficacy, patient satis-
faction and side effects are urgently needed.

STUDY FUNDING/COMPETING INTERESTS: The authors received no funding for the review. The costs for the development of the
ESHRE guideline were covered by ESHRE. The authors have no conflicts of interest to disclose.
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Introduction
Premature ovarian insufficiency (POI) is a clinical syndrome defined by
loss of ovarian activity before the age of 40 years and it affects ~1% of
women (Coulam et al., 1986; Luborsky et al., 2003). POI is characterized
by infrequent or absent periods with raised gonadotrophins and low estra-
diol concentrations. Symptoms include infertility, those associated with
menopause (hot flushes, night sweats, vaginal dryness and loss of sexual-
ity), and with long-term adverse effects of estrogen deficiency (osteopor-
osis and cardiovascular disease). The etiology is wide ranging. POI can be
iatrogenic (resulting from surgery, chemotherapy and radiotherapy),
caused by chromosomal/genetic defects (Turner Syndrome (TS), Fragile-
X Syndrome), or it can be associated with autoimmune disorders, infec-
tions or environmental factors. In a significant proportion of cases the
cause remains elusive (i.e. idiopathic POI) (Maclaran and Panay, 2011).
The widespread prescription of hormone replacement therapy

(HRT) for women after a natural menopause fell dramatically following
the publication of the Women’s Health Initiative (WHI) trial data, but
the very different situation in women with POI requires careful consid-
eration of how best to provide long-term hormone replacement for
that group. Recently, ESHRE published a guideline for the diagnosis
and management of women with POI (European Society of Human
Reproduction and Embryology Guideline Group on POI et al., 2016)
and this review presents the HRT options for women with POI, based
on this guideline. The indications, risks, choice of preparation, regimen,
route of administration, dosage and treatment duration for POI, as
well as special considerations, are discussed.

Materials andMethods
The ESHRE guideline for management of women with POI, and the evi-
dence presented here, was developed based on the manual for ESHRE
guideline development (Vermeulen et al., 2014) by a multidisciplinary
group of clinicians and a patient representative. In short, PICO (Patients,
Intervention, Comparator, Outcome) questions were drafted and corre-
sponding key words were used for the literature searches in PUBMED,
Cochrane and PsycInfo where appropriate. For the literature search on
HRT, we used the following search terms: (‘Primary Ovarian Insufficiency’[Mesh]
OR ‘Primary Ovarian Insufficiency’ OR ‘gonadal dysgenesis’ OR ‘Premature Ovarian
Failure’ OR ‘early menopause’ OR ‘premature menopause’ OR ‘hypergonado-
tropic hypogonadism’ OR ‘Ovarian dysgenesis’ OR ‘Primary ovarian failure’ OR
‘Hypergonadotropic amenorrhea’ OR ‘surgical menopause’ OR ‘Bilateral

Salpingo-Oophorectomy’ OR ‘Bilateral Oophorectomy’ OR ‘iatrogenic meno-
pause’ OR ‘radiation menopause’) AND (((oral OR transdermal OR uterine OR
‘dose titration’ OR continuous OR sequential OR vaginal OR Implants OR subcuta-
neous OR patch) AND (estrogen OR estradiol) OR (‘contraceptive ring’))) OR (pro-
gesterone OR progestagen OR progestogen OR ‘Cyclic medroxyprogesterone
acetate’ OR ‘Oral micronized progesterone’ OR ‘Norethisterone’ OR ‘dydrogester-
one’ OR ‘natural progestogens’ OR ‘vaginal progestogens’ OR ‘synthetic progesto-
gens’ OR ‘oral contraceptives’ OR ‘oral contraceptive pill’ OR OCP OR COCP OR
‘Levonogestrel intrauterine device’ OR ‘Vaginal estrogen and testosterone supple-
ments’ OR Androgen OR ‘androgenic hormone’ OR testosterone OR DHEA OR
‘dihydroepiandrostendione’ OR Dehydroepiandrosterone OR HRT OR ‘hormone
replacement therapy’). Relevant references were preselected by the research
specialist and confirmed by a guideline development group member.
Evidence tables were prepared and the quality of all papers was assessed
according to standardized checklists. Recommendations were formulated
based on the collected evidence, taking into account expertise of clinicians
and patients, and benefits and harms. A grade was assigned to each recom-
mendation indicating the strength of the supporting evidence. Before finaliza-
tion, ESHRE members and national societies were invited to submit
comments to the paper: comments and replies were summarized in a
review report (European Society of Human Reproduction and Embryology
Guideline Group on POI, 2015).

Results

Indications
Vasomotor symptoms are a major reason for women with POI to use
HRT. Hot flushes were reported less in women with iatrogenic POI
using estrogen replacement as compared to non-users (Functional
Assessment of Cancer Therapy–Endocrine Symptoms (FACT–ES)
score 48.4 versus 54.9) (Absolom et al., 2008). After prophylactic
bilateral salpingo-oophorectomy (BSO), hot flushes were reported in
20% of women using HRT as compared to 41% of non-users (20% ver-
sus 41%) (Madalinska et al., 2006). Of women with chemotherapy-
induced POI using HRT, 66% reported a significant reduction in hot
flushes, insomnia, and psychological and emotional changes (Piccioni
et al., 2004). Whilst there is little evidence on the efficacy of HRT for
vasomotor symptoms in women with spontaneous idiopathic POI,
clinical experience is that symptoms respond rapidly to systemic HRT.
Genito-urinary symptoms (vaginal dryness, irritation, urinary fre-

quency and incontinence) were also less prevalent in women with POI
using HRT as compared to non-users (Nachtigall, 1994; Bygdeman

WHATTHISMEANS FOR THE PATIENT?
This paper summarizes the latest evidence about hormone replacement therapy (HRT) for women with premature ovarian insufficiency (POI),
which is sometimes referred to as ‘premature menopause’.
Women with POI have low levels of the hormone estrogen, which can lead to hot flushes or symptoms like vaginal dryness and urinary incon-

tinence as well as longer term problems such as osteoporosis. The evidence shows that HRT can improve hot flushes and vaginal and urinary
symptoms for women with POI, can help to keep bones healthy, reducing the chance of osteoporosis and may also help to prevent heart dis-
ease. Once women reach the time at which they would naturally go through the menopause, at around 50, there should be a discussion about
whether, or how long, to continue the treatment.
The summary concludes that although there has been some controversy about links between HRT and breast cancer in older women who

have been through the menopause, there is no evidence that HRT increases the chances of getting breast cancer in women with POI who are
taking it earlier in their lives. HRT may improve quality of life and life expectancy for women who have POI and is essential for their health.
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and Swahn, 1996; Piccioni et al., 2004; Madalinska et al., 2006), and
studies comparing before and after treatment showed improvements
in vaginal moisture (Nachtigall, 1994; Bygdeman and Swahn, 1996).
Other options for vaginal symptoms include vaginal lubricants and
moisturizers although these are best used in combination with estro-
gen therapy, unless contraindicated.
There is evidence that HRT reduces the impact of POI on bone

health (Prior et al., 1997; Crofton et al., 2010; Kodama et al., 2012;
Popat et al., 2014; Cartwright et al., 2016). With regard to cardiovas-
cular health, small studies have shown that combined HRT treatment
(i.e. estrogen and progesterone) restored endothelial dysfunction in
POI women (Kalantaridou et al., 2004), decreased the risk for ischemic
heart disease (Lokkegaard et al., 2006), and eliminated the increased
cardiovascular disease mortality associated with BSO (hazard ratio
(HR), 0.65; 95% CI, 0.30–1.41) (Bain et al., 1981; Kalantaridou et al.,
2004; Lokkegaard et al., 2006; Rivera et al., 2009). Data on a potential
effect of HRT on neurological health and quality of life are inconclusive.
We found no studies investigating whether HRT has a beneficial effect
on life expectancy and quality of life in POI, although an indirect benefit
from the effect on cardiovascular morbidity and vasomotor symptoms,
respectively, can be expected.
In conclusion, HRT is indicated for the treatment of vasomotor and

genito-urinary symptoms in women with POI. It is also recommended
to maintain bone health and prevent osteoporosis, and may have a
role in the primary prevention of cardiovascular disease (Table I).

HRT treatment options
Research on the optimal HRT for women with POI is limited.

Type of preparations
There are three types of estrogen for hormone replacement: 17β-estra-
diol (where the main physiological estrogen is the active component),

ethinylestradiol and conjugated equine estrogens. Oral contraceptives
contain the potent synthetic estrogen ethinylestradiol, which by defin-
ition provides a pharmacological rather than a physiological replacement
dose, with unfavorable effects on lipid profile and hemostatic factors
plus an increased risk of venous thromboembolism (VTE). 17β-Estradiol
may be preferable to the combined oral contraceptive pill (COCP) in
women with POI with regard to bone health (increased bone formation
and decreased resorption) and cardiovascular health (lower blood pres-
sure, reduced plasma angiotensin II and s-creatinine) (Langrish et al.,
2009; Crofton et al., 2010). There are new COCPs containing estradiol:
as yet there are no comparative studies on their risks of VTE, so the
indication for their use remains contraception. There is a consensus that
equine estrogens should not be used for HRT in women with POI given
that a more physiological alternative (estradiol) is available.
There is little evidence on the effects of various progestogens in

HRT for women with POI. Evidence from older postmenopausal
women favors micronized natural progesterone, as it is associated
with a more favorable cardiovascular profile (Mueck, 2012) and pos-
sibly reduced breast cancer risk (Davey, 2013), with similar efficacy for
protecting the endometrium (TheWriting Group for the PEPI, 1996).

Regimens
Continuous estrogen replacement is required to avoid symptoms of
estrogen deficiency. Some women using the COCP for POI will be
symptomatic during the pill-free week, and the conventional 3+1
week regimen results in no hormone replacement for 25% of the time.
Cyclical regimens stimulating active functioning of the endometrium
are necessary for women desiring pregnancy (by oocyte donation)
(O’Donnell et al., 2012), even though the risk of endometrial hyperpla-
sia/carcinoma may be slightly higher (Furness et al., 2012; Morch et al.,
2012). Cycle length can be individualized, but probably should not be
longer than 12 weeks to protect the endometrium. The COCP and

.............................................................................................................................................................................................

Table I Indications for HRT use by women with POI.

Sequelae of POI Indication for HRT? Supporting recommendation/conclusion Grade1

Vasomotor symptoms YES HRT is recommended C

Genito-urinary
symptoms

YES Systemic and local estrogens are effective treatments A

Life expectancy ? Life expectancy appears to be reduced due to cardiovascular mortality: HRT may be of indirect
benefit

n/a2

Bone health YES HRT is recommended to maintain bone health and prevent osteoporosis; it is plausible that it
will reduce the risk of fracture

C

Cardiovascular health YES Despite lack of longitudinal outcome data, early initiation of HRT is strongly recommended to
control future risk of cardiovascular disease; it should be continued until the average age of
natural menopause

C

Quality of life ? Quality of life appears to be reduced: HRT may be of indirect benefit n/a2

Sexual function YES Adequate estrogen replacement is the starting point for normalizing sexual function. Local
estrogen may also be required to treat dyspareunia

C

Neurological function ? HRT to reduce the possible risk of cognitive impairment should be considered at least until the
average age of natural menopause

C

POI, premature ovarian insufficiency; HRT, hormone replacement therapy.
1The grade of a recommendation reflects the strength of the evidence supporting it. Grade A indicates that the recommendation is based on a high quality systematic review or mul-
tiple randomized controlled trials (RCTs), Grade B recommendations are based on a single RCT or a large trial or study of high quality, Grade C on moderate quality trials or studies
and Grade D on at least moderate quality non-analytical studies.
2Not applicable.
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continuous combined HRT both decrease risk of endometrial cancer
in healthy women and so are probably safe for POI women (Furness
et al., 2012).
Women with POI but an absent uterus will not need progestogen

supplementation and can receive unopposed estrogen.

Route of administration
Systemic estrogen can be administered orally or transdermally.
Transdermal options include patches, which can be associated with
skin irritation and gels. Subcutaneous implants, nasal sprays and inject-
able estrogen preparations are also available, although not in all coun-
tries. Local treatment (administered vaginally as creams/pessaries or
an estrogen-releasing ring), in addition to systemic estrogen replace-
ment, may be required in some women for adequate treatment of
genito-urinary symptoms (Suckling et al., 2006). Local estrogen treat-
ment is not believed to carry a risk of endometrial hyperplasia in the
licensed dosage, based on data from older menopausal women
(Suckling, 2006 #25).
Transdermal estrogen avoids first-pass metabolism by the liver

(Chetkowski et al., 1986), and achieves higher plasma levels of circulat-
ing estradiol with a lower treatment dose, resulting in fewer circulating
estrogen metabolites (Goodman, 2012). In older postmenopausal
women, transdermal estrogen has a lower risk of myocardial infarc-
tion, VTE, stroke and breast cancer (Lokkegaard et al., 2008; Nelson,
2009; Canonico et al., 2010; Divasta and Gordon, 2010; Renoux et al.,
2010a, b; Goodman, 2012). It is unclear whether these apparent
advantages apply to women with POI, who are replacing a deficiency
as opposed to prolonging estrogen exposure beyond their reproduct-
ive lifetime.
Progestogens can be administered via the oral, transdermal, vaginal

or intra-uterine routes. No studies were identified comparing route of
administration for progestogens in POI. However, there is no reason
to believe that their effectiveness for endometrial protection would
differ between young and older postmenopausal women. If the
woman prefers a bleed-free regimen, a progestogen-releasing intra-
uterine system will provide sufficient protection from endometrial
hyperplasia (Ewies and Alfhaily, 2012), with fewer side effects com-
pared to systemic progestogen treatment (Pirimoglu et al., 2011). This
regimen also provides contraception. Vaginal micronized progesterone
(tablet) may have the benefit of achieving higher levels within the
uterus with lower doses compared to oral (Fatemi et al., 2007). The
safety of transdermal natural progesterone has not been established
for endometrial protection and one study concluded that in a continu-
ous regimen it was insufficient to fully attenuate the mitogenic effect of
estrogen (Vashisht et al., 2005). Women should be informed that
while there may be advantages to micronized natural progesterone,
the strongest evidence of for endometrial protection is with oral cyc-
lical administration.
In conclusion, estradiol is preferred to ethinylestradiol or conjugated

equine estrogens, and a progestogen is required unless the uterus is
absent. Some young women with POI may find using the COCP more
acceptable than branded HRT preparations, and may, therefore, be
more compliant with treatment. The other important consideration is
contraceptive need, particularly since spontaneous ovarian activity can
occur in POI, and HRT is not contraceptive. Given the paucity of evi-
dence regarding the optimum route(s) of administration, patient pref-
erence is an important consideration, as this increases compliance

with treatment. Oral cyclical micronized natural progesterone may
have the lowest risk of cardiovascular effects and breast cancer with
the benefit of evidence for endometrial protection compared to syn-
thetic progestogens.

Dose
Dose-response trials for HRT are sparse in women with POI. It was
shown that increasing doses of estrogen (4 mg of 17β-estradiol versus
1 and 2 mg) resulted in a reduction in intima media thickness in women
with POI, with no effect on other cardiovascular parameters (Ostberg
et al., 2007). Cyclical transdermal estradiol (100 μg/day week 1 then
150 μg/day weeks 2–4) for 12 months improved bone mineral density
(BMD), reduced markers of bone breakdown and increased markers
of bone formation in a small group of young women with POI with a
variety of causes (average age 27 years) (Crofton et al., 2010). Recent
evidence suggests that 2 mg of 17β-estradiol orally is sufficient to main-
tain BMD (study in TS patients), and the effects are equal to 4 mg
(Cleemann et al., 2017). Titrating the dose against vasomotor symp-
toms may be helpful, although some women with POI have minimal
symptoms. The dose required to treat vasomotor symptoms may not
be the same as that required for cardiovascular or bone protection, or
to achieve peak bone mass. It would appear reasonable to aim for
physiological estradiol levels, as found in the serum of women with nor-
mal menstrual cycles, with an average 50–100 pg/ml (180–370 pmol/l)
(Mishell et al., 1971; MacNaughton et al., 1992). These levels can be
achieved in women with POI with 100 μg estradiol transdermally
(Steingold et al., 1991; Popat et al., 2008). Similar levels can be provided
by 2–4mg estradiol orally, but serum levels of estrone become supra-
physiological, which is of uncertain clinical significance (Steingold et al.,
1991). No data were identified for any particular dose for symptom relief
in women with POI, although transdermal 100 μg/day may be sufficient
in most (Nelson, 2009).
Progestogen dose depends on that the concurrent dose of estrogen,

and the regimen. Continuous regimens require a minimum of 1 mg of
oral norethisterone daily or 2.5 mg medroxyprogesterone acetate
(MPA) at the moderate to high doses of estrogen that should be pro-
vided for women with POI. Sequential regimens require 10 mg MPA
for a minimum of 10–12 days per month, or 200 mg oral micronized
progesterone, although this is based on data from postmenopausal
women (Furness et al., 2012).

Duration
No evidence was identified regarding the duration of HRT for women
with POI. The consensus is that HRT should be continued at least until
the age of natural menopause, i.e. around 50 years (Pitkin et al., 2007;
Vujovic et al., 2010). Continuation thereafter should be based on dis-
cussion with the patient in the light of current evidence regarding risks
and benefits in women taking HRT after the age of natural menopause,
with additional consideration of patient-specific issues such as pre-
existing bone density.

Risks of HRT
Breast cancer
An increased risk of breast cancer, estimated to be 2.3% for each year
of use, has been a concern for older postmenopausal women using
HRT (Collaborative Group on Hormonal Factors in Breast Cancer,
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1997; Beral, 2003; Ewertz et al., 2005). The incidence of breast cancer
in women with POI has been sparsely investigated and probably over-
estimated. The risk may be reduced in women with untreated POI,
due to reduced estrogen exposure (Rebbeck et al., 2009; Wu et al.,
2014). HRT does not affect breast density in women with spontaneous
POI (Benetti-Pinto et al., 2008; Soares et al., 2010). Other studies con-
firm the absence of an increased risk for breast cancer in women with
POI taking HRT (Ewertz et al., 2005; Bosze et al., 2006).

Endometrial cancer and hyperplasia
Estrogen-only HRT is associated with increased risk for endometrial
hyperplasia and cancer in natural menopausal women, but this is not
the case for regimens combining estrogens with continuous progesto-
gens (Furness et al., 2012). Only combined regimens should be used in
women with POI and an intact uterus although as this is so well estab-
lished in women with natural menopause there are no studies specific-
ally addressing this in women with POI.

Stroke
Studies have shown an increased risk of thrombotic stroke in older
postmenopausal women (Marjoribanks et al., 2012; Gu et al., 2014). In
young women with POI, the absolute risk for stroke is extremely low,
with no studies on the effect of HRT treatment.

Venous thromboembolism
Only one study assessed the risks of VTE in women with POI, finding
no significant association between first VTE and HRT use, compared
with placebo. However, analyses restricted to non-procedure-related
VTE showed a U-shaped relationship with age at last period: after
adjustment for potential confounders, women with POI or who
experienced menopause at 56 years or older had increased throm-
botic risk compared to women with menopause between 40 and 49
years (adjusted HR 1.8, 95% CI 1.2–2.8) while using HRT (Canonico
et al., 2014). Known risk factors for VTE in non-POI users of the
COCP, such as smoking and obesity, may also apply to women with
POI using the COCP.
In conclusion, women with POI should be informed that HRT before

the age of natural menopause has not been found to increase the risk
of breast cancer. Progestogen should be given in combination with
estrogen to protect the endometrium. Women with POI and lifestyle
risk factors for VTE should be advised how to reduce these.

Monitoring HRT
No routine tests are required to monitor HRT in women with POI.
Specific tests may be prompted by particular symptoms or concerns,
although there is no evidence to guide the optimum monitoring strat-
egy. Serum estradiol is not helpful (except for monitoring HRT
implants) and assays do not measure ethinylestradiol or estrone.
There is no value in monitoring FSH since it will often not normalize
(Davies and Cartwright, 2012). Regular follow-up, for example yearly,
is recommended to review compliance, satisfaction, side-effects and
possible need for change of regimen or route of administration.
Compliance may be improved by engaging the patient in discussion of
treatment choices (Cartwright et al., 2012).

Mammography for breast cancer screening should be provided as
for the normal population, as should other screening e.g. for cervical
and bowel cancer.
Measurement of BMD with dual-energy X-ray absorptiometry

(DEXA) should be considered at diagnosis of POI, especially in the
presence of additional risk factors for poor bone health (e.g. long dur-
ation of estrogen deficiency and history of low impact fractures). If
osteoporosis is diagnosed and estrogen replacement or other therapy
initiated, BMD measurement should be repeated within 5 years.
Referral to an osteoporosis specialist may be appropriate if BMD
remains refractory to HRT. A decrease in BMD should prompt a
review of HRT and of other potential factors. If the BMD is normal
and adequate systemic estrogen replacement is commenced, the value
of a repeat DEXA scan is low.

Women with POI plus special issues
Turner syndrome
POI may have more severe implications in TS with respect to bone,
cardiovascular and neurological health. In adult TS women, the focus
of treatment changes from growth and puberty induction to mainten-
ance of health, including bone health (Davies, 2010; Freriks et al.,
2011). Although TS women may have features other than estrogen
deficiency that impact on bone health and fracture risk, adequate
estrogen replacement therapy is indicated (Khastgir et al., 2003;
Crofton et al., 2010; Kodama et al., 2012). In addition to estrogen, TS
women may benefit from vitamin D and calcium supplements, plus
regular exercise. If osteoporosis or a high fracture risk is present, med-
ical treatment for osteoporosis may be indicated (Bondy and Turner
Syndrome Study Group, 2007).
TS women are twice as likely to develop coronary artery disease

and/or cerebrovascular disease as the general population (Gravholt
et al., 1998). They have an excess of several cardiovascular risk factors
including hypertension, obesity, impaired glucose tolerance and hyper-
lipidaemia (Turtle et al., 2013). In addition, cardiovascular mortality is
four times higher (Swerdlow et al., 2001). Short-term studies of HRT
in TS women have failed to show a favorable effect on lipid profile
(Gravholt et al., 1998; Elsheikh et al., 2000), or on ambulatory arterial
stiffness index (Mortensen et al., 2009). Intima media thickness
decreased significantly in 25 POI women using increasing doses of
HRT, with no change in other cardiovascular parameters (Ostberg
et al., 2007). Whether HRT is cardio-protective in TS women and
whether it should be recommended for this indication is still unclear.
Abnormal neuro-cognitive profiles (worse emotional recognition

and lower visuo-spatial, attentional, working memory and executive
function) are well described in females with TS, which may partly be
due to estrogen deprivation (Ross et al., 2006). Estrogen would appear
to improve executive ability, memory and motor function, while other
features such as visuo-spatial processing, visual memory and arithmetic
skills, might not change (Downey et al., 1991; Swillen et al., 1993;
Romans et al., 1998; Ross et al., 1998).
Maintaining uterine health with estrogen and progestogen replace-

ment is likely to be as important for TS women as for women with kar-
yotypically normal POI. Similarly, HRT is likely to benefit the genito-
urinary system and psychosexual health of women with TS. In conclu-
sion, girls and women with POI caused by TS should be offered HRT
throughout the normal reproductive lifespan. Estrogen replacement
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treatment should aim to mimic the normal reproductive lifetime
exposure: higher estrogen dose (100 μg patch) during young adult-
hood, decreasing to 50 μg patches (which is sufficient for protection
against osteoporosis) by age 30–35 years, and continuing treatment at
least up to 50 years (Bondy, 2005; Bondy and Turner Syndrome Study
Group, 2007). Progesterone replacement, rather than any progestin
derivative, is also recommended, with cycling on a monthly to tri-
monthly basis.

After breast cancer and for BRCA gene mutation carriers
Vasomotor symptoms in particular may be worsened by adjuvant
endocrine treatments after chemotherapy for breast cancer (Day
et al., 1999). HRT (combined estrogen and progestogen) has been
shown to increase the risk of developing breast cancer in postmeno-
pausal women (Rossouw et al., 2002; Holmberg and Anderson, 2004;
Beral et al., 2007), although not in all trials (von Schoultz and Rutqvist,
2005; Fahlen et al., 2013). Even though the data are inconsistent, HRT
is widely accepted to be contraindicated in breast cancer survivors
(Antoine et al., 2007). It is not clear if estrogen receptor status of the
original tumor influences the risk of recurrence with HRT use.
Following a healthy lifestyle (e.g. no smoking, regular weight-bearing
exercise, achieving/maintaining a healthy weight) are important
recommendations for breast cancer survivors (Duijts et al., 2009;
Kwan et al., 2010; McTiernan et al., 2010). Non-hormonal treatments
may reduce vasomotor symptoms, but evidence is scarce (Rada et al.,
2010) and the safety of phytoestrogens in women with a history of
estrogen-dependent cancer is unknown (Dennehy, 2006). Gabapentin,
venlafaxine and fluoxetine may help relieve vasomotor symptoms in
breast cancer survivors (Rada et al., 2010; Murthy and Chamberlain,
2012). If the benefits of reducing debilitating vasomotor symptoms and
increasing quality of life outweigh the risks, HRT may still be considered.
Carriers of mutations in the BRCA1/2 genes may be recommended

prophylactic premenopausal BSO to reduce their risks of breast and
ovarian cancer (Rebbeck et al., 2009). Surgery can result in severe hot
flushes, vaginal dryness, sexual dysfunction, sleep disturbances, cogni-
tive changes and increased risk of cardiovascular disease (Finch and
Narod, 2011; Finch et al., 2012). HRT significantly reduces vasomotor
symptoms after prophylactic BSO (Madalinska et al., 2006) but does
not significantly alter the reduction in breast cancer risk associated
with BSO for BRCA1/2 mutation carriers, as compared to carriers
without BSO or HRT (Armstrong et al., 2004; Rebbeck et al., 2005).
In conclusion, and in contrast to breast cancer survivors, HRT is a

treatment option for BRAC1/2 carriers without personal history of
breast cancer, after prophylactic BSO.

Endometriosis
Oophorectomy is an option for improving pain related to endometri-
osis (Dunselman et al., 2014). As it is an estrogen-dependent disease,
the use of estrogen replacement therapy in women with endometri-
osis and POI (for instance after hysterectomy and BSO) could theoret-
ically reactivate residual disease, produce new lesions, or even lead to
malignant transformation of endometriosis. However, there are no
studies assessing the effect of HRT on endometriosis in POI patients.
Continuous combined estrogen/progestogen therapy can be effect-

ive for the treatment of vasomotor symptoms and may reduce the risk
of endometriosis reactivation after oophorectomy.

Other medical issues
Co-existing medical issues can affect HRT options, and transdermal
administration of estrogen may be the preferred route in many of
these cases (Davies and Cartwright, 2012).

Migraine. Migraine with aura is a risk factor for ischemic stroke, which
may be greatest in younger women (under 50 years old) (Kurth et al.,
2006). No studies were identified for the risk of stroke in women with
POI and migraine, although POI itself is a risk factor for stroke. HRT
use in healthy postmenopausal women may be a risk factor for stroke
(Magliano et al., 2006; Sare et al., 2008) but there is insufficient evi-
dence to support any link between stroke and HRT use by migraine-
sufferers (Bousser et al., 2000; MacGregor, 2007). Migraine is not a
contraindication to HRT use by women with POI. Changing dose,
route of administration or regimen may help if migraine worsens dur-
ing HRT. Transdermal delivery may be the lowest-risk route of admin-
istration of estrogen for migraine-sufferers with aura.

Hypertension. Women with POI show increased cardiovascular mor-
bidity and mortality. As hypertension is a leading risk for cardiovascular
disease, heart attack and stroke, hypertensive women with POI could
be at increased risk for cardiovascular morbidity. Furthermore, hyper-
tension is a well-accepted contraindication for COCP. No evidence
was found regarding the effect of HRT in hypertensive POI patients.
One study showed that physiological HRT was associated with a lower
blood pressure compared to a standard HRT regimen in non-
hypertensive POI patients (Langrish et al., 2009). From evidence in
older postmenopausal women a recent review reported significant
inconsistencies between studies (Cannoletta and Cagnacci, 2014).
Studies evaluating transdermal estradiol were more consistent, show-
ing either a neutral or hypotensive effect. Progestins do not seem to
prevent the effect of estrogen on blood pressure, but the interaction is
not well studied. Hypertension is not a contraindication to HRT use in
POI and should be treated normally; transdermal estradiol is the pre-
ferred method of delivery.

History of prior VTE. No studies were found on the risk of VTE recur-
rence in women with POI and prior VTE. VTE is the most prevalent
serious adverse effect of HRT in older postmenopausal women
(Canonico et al., 2008). In the WHI study, an increase in the risk of
pulmonary embolism (HR 2.13, 95% CI 1.39–3.25) was confirmed in
women using oral HRT compared to placebo (Rossouw et al., 2002).
HRT is contraindicated in postmenopausal women with VTE risk fac-
tors. Transdermal estrogen has been suggested as treatments for
severe vasomotor symptoms in postmenopausal women with prior
VTE (Canonico et al., 2008; Renoux et al., 2010b; Formoso et al.,
2012).The impact of progestogen on VTE recurrence is not well stud-
ied, but may be relevant, as the WHI trials showed that the risk of
VTE was higher with estrogen and MPA, as compared to estrogen
alone (Manson et al., 2013). In conclusion, transdermal is the preferred
route for delivery of estradiol in women with POI at increased risk of
VTE. Those with prior VTE or a thrombophilic disorder should be
referred to a hematologist prior to commencing HRT.

Obesity. No studies were found evaluating HRT in overweight or
obese women with POI. The risk of VTE is increased in postmenopau-
sal women with a raised BMI (>25 kg/m2) using oral estrogen therapy
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(pooled odds ratio 2.6; 95% CI 2.1–3.3) (Canonico et al., 2006, 2008).
Transdermal estradiol is the preferred method of delivery for women
with POI requiring HRT who are obese or overweight.

Fibroids. Estrogens and progestogens could potentially promote
fibroid growth. No evidence was found for the effects of HRT on
fibroids in women with POI. Two systematic reviews of postmenopau-
sal women showed no significant increase in clinical symptoms or
adverse effects associated with fibroid growth after HRT use (Ang
et al., 2001; Ciarmela et al., 2014). Fibroids are not a contraindication
to HRT use by women with POI.

Treatment with androgens
There is debate whether androgen concentrations are different in
women with spontaneous POI compared to those in age-matched
cycling women (Janse et al., 2012). In contrast, women who under-
went oophorectomy at a young age are probably hypoandrogenic
owing to the lack of ovarian androgen production, which makes up
25% of the total production in premenopausal women (Longcope,
1986; Sluijmer et al., 1995; Burger, 2002; Fogle et al., 2007; Janse et al.,
2012). Androgen replacement therapy has been suggested as treat-
ment for diminished sexual function, neurological complaints and
decreased bone density caused by POI.

Indications
Several studies have shown improved sexual function after oophorec-
tomy, with testosterone patches (Shifren et al., 2000; Braunstein et al.,
2005; Buster et al., 2005; Simon et al., 2005; Davis et al., 2006). All
involved short-term treatment and follow-up, and reported mild or
minimal adverse effects. The benefits seem to be similar in surgically
and naturally postmenopausal women with and without estrogen ther-
apy (Davis et al., 2006; Panay et al., 2010).
Studies of neurological function are limited to TS girls and older

postmenopausal women. Oxandrolone-treated TS girls showed
improved working memory performance only after 2 years of treat-
ment, compared to girls receiving placebo (Ross et al., 2003). Studies
in the elderly showed conflicting results (Wisniewski et al., 2002;
Davison et al., 2011; Kocoska-Maras et al., 2011).
Testosterone may increase BMD when used with estrogen replace-

ment, above that achieved with estrogen alone. However the evidence
is limited to two studies in surgically menopausal women. One found
that spine (but not hip or radius) BMD increased non-significantly in
the group that received adjuvant testosterone compared to estrogen
alone (Watts et al., 1995). In the other, spine and hip BMD increased
significantly with androgen plus estrogen compared to estrogen alone
(Barrett-Connor et al., 1999).

Risks
The risks of androgen treatment in women are unclear. Androgenic
side effects (acne, hirsutism, deepening of the voice and androgenic
alopecia) are rare with doses below 300 μg of testosterone per day
(Buster et al., 2005; Simon et al., 2005).
Conclusive data on long-term safety with regard to endometrial

hypertrophy and breast cancer are not yet available (Davis et al., 2008,
2009; Davis and Davison, 2012).

Routes of administration, duration and monitoring
Testosterone may be administered transdermally (gel/patch/cream),
orally or through an implant although commercial preparations for
women are very limited. No research was identified for any of these
routes of administration in women with POI. The major complaint is
of application site effects, and 4% of patch users discontinue treatment
for this reason (Simon et al., 2005). Women’s preferences need to be
taken into account when deciding on the route of administration.
In conclusion, women should be informed that androgen treatment

is only supported by limited data, and that long-term health effects are
not clear yet. If androgen therapy is commenced, treatment effect
should be evaluated after 3–6 months and should possibly be limited
to 24 months.

Conclusion
HRT is strongly recommended for women with POI, mainly for vaso-
motor and genito-urinary symptom relief and the primary prevention
of bone loss but probably also for cardiovascular disease. Quality of
life and life expectancy may be reduced by POI, and HRT may help
improve both. A registry of women with POI would help our under-
standing of the long-term consequences of the condition and to refine
treatment options. What is clear is that the controversies that sur-
round the use of HRT in postmenopausal women do not apply to
women with POI and that the physiological replacement of estrogen
(and progesterone) is essential for their health.

Acknowledgements
We would like to acknowledge the ESHRE Guideline Group on POI, J.
Bartlett, D. Braat, B. Cartwright, R. Cifkova, S. de Muinck Keizer-
Schrama, E. Hogervorst, L. Liao, V. Vlaisavljevic and M.C. Zillikens, for
their contribution to the guideline, helpful comments on the chapter
on HRT in the guideline, and their inspiration for the current review.

Authors’ roles
The concept and evidence are based on the ESHRE guideline on man-
agement of women with POI, which was chaired by LW. This review
was written by L.W. and N.V., based on the guideline chapter on HRT
written by N.V., L.W., F.J., R.A.A. and M.D.

Funding
The authors received no funding for the review. The costs for the
development of the ESHRE guideline were covered by ESHRE.

Conflict of interest
None declared.

References
Absolom K, Eiser C, Turner L, Ledger W, Ross R, Davies H, Coleman R,
Hancock B, Snowden J, Greenfield D et al. Ovarian failure following can-
cer treatment: current management and quality of life. Hum Reprod
2008;23:2506–2512.

7HRT for premature ovarian insufficiency: a review



Ang WC, Farrell E, Vollenhoven B. Effect of hormone replacement therap-
ies and selective estrogen receptor modulators in postmenopausal
women with uterine leiomyomas: a literature review. Climacteric 2001;4:
284–292.

Antoine C, Liebens F, Carly B, Pastijn A, Neusy S, Rozenberg S. Safety of
hormone therapy after breast cancer: a qualitative systematic review.
Hum Reprod 2007;22:616–622.

Armstrong K, Schwartz JS, Randall T, Rubin SC, Weber B. Hormone
replacement therapy and life expectancy after prophylactic oophorec-
tomy in women with BRCA1/2 mutations: a decision analysis. J Clin
Oncol 2004;22:1045–1054.

Bain C, Willett W, Hennekens CH, Rosner B, Belanger C, Speizer FE. Use
of postmenopausal hormones and risk of myocardial infarction.
Circulation 1981;64:42–46.

Barrett-Connor E, Young R, Notelovitz M, Sullivan J, Wiita B, Yang HM,
Nolan J. A two-year, double-blind comparison of estrogen-androgen
and conjugated estrogens in surgically menopausal women. Effects on
bone mineral density, symptoms and lipid profiles. J Reprod Med 1999;
44:1012–1020.

Benetti-Pinto CL, Soares PM, Magna LA, Petta CA, Dos Santos CC. Breast
density in women with premature ovarian failure using hormone ther-
apy. Gynecol Endocrinol 2008;24:40–43.

Beral V. Breast cancer and hormone-replacement therapy in the Million
Women Study. Lancet 2003;362:419–427.

Beral V, Million Women Study C, Bull D, Green J, Reeves G. Ovarian can-
cer and hormone replacement therapy in the Million Women Study.
Lancet 2007;369:1703–1710.

Bondy CA. New issues in the diagnosis and management of Turner syn-
drome. Rev Endocr Metab Disord 2005;6:269–280.

Bondy CA, Turner Syndrome Study Group. Care of girls and women with
Turner syndrome: a guideline of the Turner Syndrome Study Group.
J Clin Endocrinol Metab 2007;92:10–25.

Bosze P, Toth A, Torok M. Hormone replacement and the risk of breast
cancer in Turner’s syndrome. N Engl J Med 2006;355:2599–2600.

Bousser MG, Conard J, Kittner S, de Lignieres B, MacGregor EA, Massiou
H, Silberstein SD, Tzourio C. Recommendations on the risk of ischaemic
stroke associated with use of combined oral contraceptives and hor-
mone replacement therapy in women with migraine. The International
Headache Society Task Force on Combined Oral Contraceptives &
Hormone Replacement Therapy. Cephalalgia 2000;20:155–156.

Braunstein GD, Sundwall DA, Katz M, Shifren JL, Buster JE, Simon JA,
Bachman G, Aguirre OA, Lucas JD, Rodenberg C et al. Safety and effi-
cacy of a testosterone patch for the treatment of hypoactive sexual
desire disorder in surgically menopausal women: a randomized,
placebo-controlled trial. Arch Intern Med 2005;165:1582–1589.

Burger HG. Androgen production in women. Fertil Steril 2002;77(Suppl 4):
S3–S5.

Buster JE, Kingsberg SA, Aguirre O, Brown C, Breaux JG, Buch A,
Rodenberg CA, Wekselman K, Casson P. Testosterone patch for low
sexual desire in surgically menopausal women: a randomized trial. Obstet
Gynecol 2005;105:944–952.

Bygdeman M, Swahn ML. Replens versus dienoestrol cream in the symp-
tomatic treatment of vaginal atrophy in postmenopausal women.
Maturitas 1996;23:259–263.

Cannoletta M, Cagnacci A. Modification of blood pressure in postmeno-
pausal women: role of hormone replacement therapy. Int J Womens
Health 2014;6:745–757.

Canonico M, Fournier A, Carcaillon L, Olie V, Plu-Bureau G, Oger E,
Mesrine S, Boutron-Ruault MC, Clavel-Chapelon F, Scarabin PY.
Postmenopausal hormone therapy and risk of idiopathic venous
thromboembolism: results from the E3N cohort study. Arterioscler
Thromb Vasc Biol 2010;30:340–345.

Canonico M, Oger E, Conard J, Meyer G, Levesque H, Trillot N, Barrellier
MT, Wahl D, Emmerich J, Scarabin PY et al. Obesity and risk of venous
thromboembolism among postmenopausal women: differential impact
of hormone therapy by route of estrogen administration. The ESTHER
Study. J Thromb Haemost 2006;4:1259–1265.

Canonico M, Plu-Bureau G, Lowe GD, Scarabin PY. Hormone replace-
ment therapy and risk of venous thromboembolism in postmenopausal
women: systematic review and meta-analysis. BMJ 2008;336:1227–
1231.

Canonico M, Plu-Bureau G, O’Sullivan MJ, Stefanick ML, Cochrane B,
Scarabin PY, Manson JE. Age at menopause, reproductive history, and
venous thromboembolism risk among postmenopausal women: the
Women’s Health Initiative Hormone Therapy clinical trials. Menopause
2014;21:214–220.

Cartwright B, Holloway D, Grace J, Robinson J, Rymer J. A service evalu-
ation of women attending the menopause/premature ovarian failure
clinic of a tertiary referral centre. J Obstet Gynaecol 2012;32:357–361.

Cartwright B, Robinson J, Seed PT, Fogelman I, Rymer J. Hormone
replacement therapy versus the combined oral contraceptive pill in pre-
mature ovarian failure: a randomized controlled trial of the effects on
bone mineral density. J Clin Endocrinol Metab 2016;101:3497–3505.

Chetkowski RJ, Meldrum DR, Steingold KA, Randle D, Lu JK, Eggena P,
Hershman JM, Alkjaersig NK, Fletcher AP, Judd HL. Biologic effects of
transdermal estradiol. N Engl J Med 1986;314:1615–1620.

Ciarmela P, Ciavattini A, Giannubilo SR, Lamanna P, Fiorini R, Tranquilli
AL, Christman GM, Castellucci M. Management of leiomyomas in peri-
menopausal women.Maturitas 2014;78:168–173.

Cleemann L, Holm K, Kobbernagel H, Kristensen B, Skouby SO, Jensen
AK, Gravholt CH. Dosage of estradiol, bone and body composition in
Turner syndrome: a 5-year randomized controlled clinical trial. Eur J
Endocrinol 2017;176:233–242.

Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer
and hormone replacement therapy: collaborative reanalysis of data from
51 epidemiological studies of 52,705 women with breast cancer and
108,411 women without breast cancer. Lancet 1997;350:1047–1059.

Coulam CB, Adamson SC, Annegers JF. Incidence of premature ovarian
failure. Obstet Gynecol 1986;67:604–606.

Crofton PM, Evans N, Bath LE, Warner P, Whitehead TJ, Critchley HO,
Kelnar CJ, Wallace WH. Physiological versus standard sex steroid
replacement in young women with premature ovarian failure: effects on
bone mass acquisition and turnover. Clin Endocrinol (Oxf) 2010;73:707–
714.

Davey DA. HRT: some unresolved clinical issues in breast cancer, endo-
metrial cancer and premature ovarian insufficiency. Womens Health
(Lond Engl) 2013;9:59–67.

Davies MC. Lost in transition: the needs of adolescents with Turner syn-
drome. BJOG 2010;117:134–136.

Davies MC, Cartwright B. What is the best management strategy for a 20-
year-old woman with premature ovarian failure? Clin Endocrinol (Oxf)
2012;77:182–186.

Davis SR, Davison SL. Current perspectives on testosterone therapy for
women.Menopausal Med 2012;20:S1–S4.

Davis SR, Hirschberg AL, Wagner LK, Lodhi I, von Schoultz B. The effect
of transdermal testosterone on mammographic density in postmeno-
pausal women not receiving systemic estrogen therapy. J Clin Endocrinol
Metab 2009;94:4907–4913.

Davis SR, Moreau M, Kroll R, Bouchard C, Panay N, Gass M, Braunstein
GD, Hirschberg AL, Rodenberg C, Pack S et al. Testosterone for low
libido in postmenopausal women not taking estrogen. N Engl J Med
2008;359:2005–2017.

Davis SR, van der Mooren MJ, van Lunsen RH, Lopes P, Ribot C, Rees M,
Moufarege A, Rodenberg C, Buch A, Purdie DW. Efficacy and safety of

8 Webber et al.



a testosterone patch for the treatment of hypoactive sexual desire dis-
order in surgically menopausal women: a randomized, placebo-
controlled trial.Menopause 2006;13:387–396.

Davison SL, Bell RJ, Gavrilescu M, Searle K, Maruff P, Gogos A, Rossell SL,
Adams J, Egan GF, Davis SR. Testosterone improves verbal learning and
memory in postmenopausal women: results from a pilot study.
Maturitas 2011;70:307–311.

Day R, Ganz PA, Costantino JP, Cronin WM, Wickerham DL, Fisher B.
Health-related quality of life and tamoxifen in breast cancer prevention:
a report from the National Surgical Adjuvant Breast and Bowel Project
P-1 Study. J Clin Oncol 1999;17:2659–2669.

Dennehy CE. The use of herbs and dietary supplements in gynecology: an
evidence-based review. J Midwifery Womens Health 2006;51:402–409.

Divasta AD, Gordon CM. Hormone replacement therapy and the adoles-
cent. Curr Opin Obstet Gynecol 2010;22:363–368.

Downey J, Elkin EJ, Ehrhardt AA, Meyer-Bahlburg HF, Bell JJ, Morishima A.
Cognitive ability and everyday functioning in women with Turner syn-
drome. J Learn Disabil 1991;24:32–39.

Duijts SF, Oldenburg HS, van Beurden M, Aaronson NK. Cognitive behav-
ioral therapy and physical exercise for climacteric symptoms in breast
cancer patients experiencing treatment-induced menopause: design of a
multicenter trial. BMC Womens Health 2009;9:15.

Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, D’Hooghe T,
De Bie B, Heikinheimo O, Horne AW, Kiesel L, Nap A et al. ESHRE
guideline: management of women with endometriosis. Hum Reprod
2014;29:400–412.

Elsheikh M, Bird R, Casadei B, Conway GS, Wass JA. The effect of hor-
mone replacement therapy on cardiovascular hemodynamics in women
with Turner’s syndrome. J Clin Endocrinol Metab 2000;85:614–618.

European Society of Human Reproduction and Embryology Guideline
Group on POI. External review report ‘Management of women with
Premature Ovarian Insufficiency’. 2015.

European Society of Human Reproduction and Embryology Guideline
Group on POI, Webber L, Davies M, Anderson R, Bartlett J, Braat D,
Cartwright B, Cifkova R, de Muinck Keizer-Schrama S, Hogervorst E,
Janse F et al. ESHRE Guideline: management of women with premature
ovarian insufficiency. Hum Reprod 2016;31:926–937.

Ewertz M, Mellemkjaer L, Poulsen AH, Friis S, Sorensen HT, Pedersen L,
McLaughlin JK, Olsen JH. Hormone use for menopausal symptoms and
risk of breast cancer. A Danish cohort study. Br J Cancer 2005;92:1293–
1297.

Ewies AA, Alfhaily F. Use of levonorgestrel-releasing intrauterine system in
the prevention and treatment of endometrial hyperplasia. Obstet Gynecol
Surv 2012;67:726–733.

Fahlen M, Fornander T, Johansson H, Johansson U, Rutqvist LE, Wilking N,
von Schoultz E. Hormone replacement therapy after breast cancer: 10
year follow up of the Stockholm randomised trial. Eur J Cancer 2013;49:
52–59.

Fatemi HM, Bourgain C, Donoso P, Blockeel C, Papanikolaou e.g.,
Popovic-Todorovic B, Devroey P. Effect of oral administration of dydro-
gestrone versus vaginal administration of natural micronized progester-
one on the secretory transformation of endometrium and luteal
endocrine profile in patients with premature ovarian failure: a proof of
concept. Hum Reprod 2007;22:1260–1263.

Finch A, Evans G, Narod SA. BRCA carriers, prophylactic salpingo-
oophorectomy and menopause: clinical management considerations and
recommendations.Womens Health (Lond Engl) 2012;8:543–555.

Finch A, Narod SA. Quality of life and health status after prophylactic
salpingo-oophorectomy in women who carry a BRCA mutation: a
review.Maturitas 2011;70:261–265.

Fogle RH, Stanczyk FZ, Zhang X, Paulson RJ. Ovarian androgen production
in postmenopausal women. J Clin Endocrinol Metab 2007;92:3040–3043.

Formoso G, Perrone E, Maltoni S, Balduzzi S, D’Amico R, Bassi C, Basevi
V, Marata AM, Magrini N, Maestri E. Short and long term effects of tibo-
lone in postmenopausal women. Cochrane Database Syst Rev 2012;2:
CD008536.

Freriks K, Timmermans J, Beerendonk CC, Verhaak CM, Netea-Maier RT,
Otten BJ, Braat DD, Smeets DF, Kunst DH, Hermus AR et al.
Standardized multidisciplinary evaluation yields significant previously
undiagnosed morbidity in adult women with Turner syndrome. J Clin
Endocrinol Metab 2011;96:E1517–E1526.

Furness S, Roberts H, Marjoribanks J, Lethaby A. Hormone therapy in
postmenopausal women and risk of endometrial hyperplasia. Cochrane
Database Syst Rev 2012;8:CD000402.

Goodman MP. Are all estrogens created equal? A review of oral vs. trans-
dermal therapy. J Womens Health (Larchmt) 2012;21:161–169.

Gravholt CH, Juul S, Naeraa RW, Hansen J. Morbidity in Turner syn-
drome. J Clin Epidemiol 1998;51:147–158.

Gu H, Zhao X, Zhao X, Yang Y, Lv X. Risk of stroke in healthy postmeno-
pausal women during and after hormone therapy: a meta-analysis.
Menopause 2014;21:1204–1210.

Holmberg L, Anderson H. HABITS (hormonal replacement therapy after
breast cancer—is it safe?), a randomised comparison: trial stopped.
Lancet 2004;363:453–455.

Janse F, Tanahatoe SJ, Eijkemans MJ, Fauser BC. Testosterone concentra-
tions, using different assays, in different types of ovarian insufficiency: a
systematic review and meta-analysis. Hum Reprod Update 2012;18:405–
419.

Kalantaridou SN, Naka KK, Papanikolaou E, Kazakos N, Kravariti M, Calis
KA, Paraskevaidis EA, Sideris DA, Tsatsoulis A, Chrousos GP et al.
Impaired endothelial function in young women with premature ovarian
failure: normalization with hormone therapy. J Clin Endocrinol Metab
2004;89:3907–3913.

Khastgir G, Studd JW, Fox SW, Jones J, Alaghband-Zadeh J, Chow JW. A
longitudinal study of the effect of subcutaneous estrogen replacement
on bone in young women with Turner’s syndrome. J Bone Miner Res
2003;18:925–932.

Kocoska-Maras L, Zethraeus N, Radestad AF, Ellingsen T, von Schoultz B,
Johannesson M, Hirschberg AL. A randomized trial of the effect of tes-
tosterone and estrogen on verbal fluency, verbal memory, and spatial
ability in healthy postmenopausal women. Fertil Steril 2011;95:152–157.

Kodama M, Komura H, Kodama T, Nishio Y, Kimura T. Estrogen therapy
initiated at an early age increases bone mineral density in Turner syn-
drome patients. Endocr J 2012;59:153–159.

Kurth T, Gaziano JM, Cook NR, Logroscino G, Diener HC, Buring JE.
Migraine and risk of cardiovascular disease in women. JAMA 2006;296:
283–291.

Kwan ML, Kushi LH, Weltzien E, Tam EK, Castillo A, Sweeney C, Caan BJ.
Alcohol consumption and breast cancer recurrence and survival among
women with early-stage breast cancer: the life after cancer epidemiology
study. J Clin Oncol 2010;28:4410–4416.

Langrish JP, Mills NL, Bath LE, Warner P, Webb DJ, Kelnar CJ, Critchley
HO, Newby DE, Wallace WH. Cardiovascular effects of physiological
and standard sex steroid replacement regimens in premature ovarian
failure. Hypertension 2009;53:805–811.

Lokkegaard E, Andreasen AH, Jacobsen RK, Nielsen LH, Agger C,
Lidegaard O. Hormone therapy and risk of myocardial infarction: a
national register study. Eur Heart J 2008;29:2660–2668.

Lokkegaard E, Jovanovic Z, Heitmann BL, Keiding N, Ottesen B, Pedersen
AT. The association between early menopause and risk of ischaemic
heart disease: influence of Hormone Therapy. Maturitas 2006;53:226–
233.

Longcope C. Adrenal and gonadal androgen secretion in normal females.
Clin Endocrinol Metab 1986;15:213–228.

9HRT for premature ovarian insufficiency: a review



Luborsky JL, Meyer P, Sowers MF, Gold EB, Santoro N. Premature meno-
pause in a multi-ethnic population study of the menopause transition.
Hum Reprod 2003;18:199–206.

MacGregor EA. Migraine, the menopause and hormone replacement ther-
apy: a clinical review. J Fam Plann Reprod Health Care 2007;33:245–249.

Maclaran K, Panay N. Premature ovarian failure. J Fam Plann Reprod Health
Care 2011;37:35–42.

MacNaughton J, Banah M, McCloud P, Hee J, Burger H. Age related
changes in follicle stimulating hormone, luteinizing hormone, oestradiol
and immunoreactive inhibin in women of reproductive age. Clin
Endocrinol (Oxf) 1992;36:339–345.

Madalinska JB, van Beurden M, Bleiker EM, Valdimarsdottir HB,
Hollenstein J, Massuger LF, Gaarenstroom KN, Mourits MJ, Verheijen
RH, van Dorst EB et al. The impact of hormone replacement therapy on
menopausal symptoms in younger high-risk women after prophylactic
salpingo-oophorectomy. J Clin Oncol 2006;24:3576–3582.

Magliano DJ, Rogers SL, Abramson MJ, Tonkin AM. Hormone therapy and
cardiovascular disease: a systematic review and meta-analysis. BJOG
2006;113:5–14.

Manson JE, Chlebowski RT, Stefanick ML, Aragaki AK, Rossouw JE,
Prentice RL, Anderson G, Howard BV, Thomson CA, LaCroix AZ et al.
Menopausal hormone therapy and health outcomes during the interven-
tion and extended poststopping phases of the Women’s Health
Initiative randomized trials. JAMA 2013;310:1353–1368.

Marjoribanks J, Farquhar C, Roberts H, Lethaby A. Long term hormone
therapy for perimenopausal and postmenopausal women. Cochrane
Database Syst Rev 2012:CD004143.

McTiernan A, Irwin M, Vongruenigen V. Weight, physical activity, diet, and
prognosis in breast and gynecologic cancers. J Clin Oncol 2010;28:4074–
4080.

Mishell DRJr, Nakamura RM, Crosignani PG, Stone S, Kharma K, Nagata Y,
Thorneycroft IH. Serum gonadotropin and steroid patterns during the
normal menstrual cycle. Am J Obstet Gynecol 1971;111:60–65.

Morch LS, Lokkegaard E, Andreasen AH, Kjaer SK, Lidegaard O.
Hormone therapy and different ovarian cancers: a national cohort study.
Am J Epidemiol 2012;175:1234–1242.

Mortensen KH, Hansen KW, Erlandsen M, Christiansen JS, Gravholt CH.
Ambulatory arterial stiffness index in Turner syndrome: the impact of
sex hormone replacement therapy. Horm Res 2009;72:184–189.

Mueck AO. Postmenopausal hormone replacement therapy and cardio-
vascular disease: the value of transdermal estradiol and micronized pro-
gesterone. Climacteric 2012;15(Suppl 1):11–17.

Murthy V, Chamberlain RS. Menopausal symptoms in young survivors of
breast cancer: a growing problem without an ideal solution. Cancer
Control 2012;19:317–329.

Nachtigall LE. Comparative study: replens versus local estrogen in meno-
pausal women. Fertil Steril 1994;61:178–180.

Nelson LM. Clinical practice. Primary ovarian insufficiency. N Engl J Med
2009;360:606–614.

O’Donnell RL, Warner P, Lee RJ, Walker J, Bath LE, Kelnar CJ, Wallace
WH, Critchley HO. Physiological sex steroid replacement in premature
ovarian failure: randomized crossover trial of effect on uterine volume,
endometrial thickness and blood flow, compared with a standard regi-
men. Hum Reprod 2012;27:1130–1138.

Ostberg JE, Storry C, Donald AE, Attar MJ, Halcox JP, Conway GS. A
dose-response study of hormone replacement in young hypogonadal
women: effects on intima media thickness and metabolism. Clin
Endocrinol (Oxf) 2007;66:557–564.

Panay N, Al-Azzawi F, Bouchard C, Davis SR, Eden J, Lodhi I, Rees M,
Rodenberg CA, Rymer J, Schwenkhagen A et al. Testosterone treatment
of HSDD in naturally menopausal women: the ADORE study.
Climacteric 2010;13:121–131.

Piccioni P, Scirpa P, D’Emilio I, Sora F, Scarciglia M, Laurenti L, De Matteis
S, Sica S, Leone G, Chiusolo P. Hormonal replacement therapy after
stem cell transplantation.Maturitas 2004;49:327–333.

Pirimoglu ZM, Ozyapi AG, Kars B, Buyukbayrak EE, Solak Y, Karsidag AY,
Unal O, Turan MC. Comparing the effects of intrauterine progestin sys-
tem and oral progestin on health-related quality of life and Kupperman
index in hormone replacement therapy. J Obstet Gynaecol Res 2011;37:
1376–1381.

Pitkin J, Rees MC, Gray S, Lumsden MA, Marsden J, Stevenson JC,
Williamson J. Management of premature menopause. Menopause Int
2007;13:44–45.

Popat VB, Calis KA, Kalantaridou SN, Vanderhoof VH, Koziol D, Troendle
JF, Reynolds JC, Nelson LM. Bone mineral density in young women with
primary ovarian insufficiency: results of a three-year randomized con-
trolled trial of physiological transdermal estradiol and testosterone
replacement. J Clin Endocrinol Metab 2014;99:3418–3426.

Popat VB, Vanderhoof VH, Calis KA, Troendle JF, Nelson LM.
Normalization of serum luteinizing hormone levels in women with 46,XX
spontaneous primary ovarian insufficiency. Fertil Steril 2008;89:429–433.

Prior JC, Vigna YM, Wark JD, Eyre DR, Lentle BC, Li DK, Ebeling PR, Atley
L. Premenopausal ovariectomy-related bone loss: a randomized,
double-blind, one-year trial of conjugated estrogen or medroxyproges-
terone acetate. J Bone Miner Res 1997;12:1851–1863.

Rada G, Capurro D, Pantoja T, Corbalan J, Moreno G, Letelier LM, Vera
C. Non-hormonal interventions for hot flushes in women with a history
of breast cancer. Cochrane Database Syst Rev 2010:CD004923.

Rebbeck TR, Friebel T, Wagner T, Lynch HT, Garber JE, Daly MB, Isaacs
C, Olopade OI, Neuhausen SL, van ‘t Veer L et al. Effect of short-term
hormone replacement therapy on breast cancer risk reduction after
bilateral prophylactic oophorectomy in BRCA1 and BRCA2 mutation
carriers: the PROSE Study Group. J Clin Oncol 2005;23:7804–7810.

Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduction esti-
mates associated with risk-reducing salpingo-oophorectomy in BRCA1
or BRCA2 mutation carriers. J Natl Cancer Inst 2009;101:80–87.

Renoux C, Dell’aniello S, Garbe E, Suissa S. Transdermal and oral hor-
mone replacement therapy and the risk of stroke: a nested case-control
study. BMJ 2010a;340:c2519.

Renoux C, Dell’Aniello S, Suissa S. Hormone replacement therapy and the
risk of venous thromboembolism: a population-based study. J Thromb
Haemost 2010b;8:979–986.

Rivera CM, Grossardt BR, Rhodes DJ, Brown RDJr., Roger VL, Melton
LJIII, Rocca WA. Increased cardiovascular mortality after early bilateral
oophorectomy.Menopause 2009;16:15–23.

Romans SM, Stefanatos G, Roeltgen DP, Kushner H, Ross JL. Transition to
young adulthood in Ullrich-Turner syndrome: neurodevelopmental
changes. Am J Med Genet 1998;79:140–147.

Ross JL, Roeltgen D, Feuillan P, Kushner H, Cutler GB Jr. Effects of estro-
gen on nonverbal processing speed and motor function in girls with
Turner’s syndrome. J Clin Endocrinol Metab 1998;83:3198–3204.

Ross JL, Roeltgen D, Stefanatos GA, Feuillan P, Kushner H, Bondy C,
Cutler BJr. Androgen-responsive aspects of cognition in girls with
Turner syndrome. J Clin Endocrinol Metab 2003;88:292–296.

Ross JL, Roeltgen D, Zinn A. Cognition and the sex chromosomes: studies
in Turner syndrome. Horm Res 2006;65:47–56.

Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC et al.
Risks and benefits of estrogen plus progestin in healthy postmenopausal
women: principal results from the Women’s Health Initiative rando-
mized controlled trial. JAMA 2002;288:321–333.

Sare GM, Gray LJ, Bath PM. Association between hormone replacement
therapy and subsequent arterial and venous vascular events: a meta-
analysis. Eur Heart J 2008;29:2031–2041.

10 Webber et al.



Shifren JL, Braunstein GD, Simon JA, Casson PR, Buster JE, Redmond GP,
Burki RE, Ginsburg ES, Rosen RC, Leiblum SR et al. Transdermal testos-
terone treatment in women with impaired sexual function after oophor-
ectomy. N Engl J Med 2000;343:682–688.

Simon J, Braunstein G, Nachtigall L, Utian W, Katz M, Miller S,
Waldbaum A, Bouchard C, Derzko C, Buch A et al. Testosterone
patch increases sexual activity and desire in surgically menopausal
women with hypoactive sexual desire disorder. J Clin Endocrinol Metab
2005;90:5226–5233.

Sluijmer AV, Heineman MJ, De Jong FH, Evers JL. Endocrine activity of the
postmenopausal ovary: the effects of pituitary down-regulation and
oophorectomy. J Clin Endocrinol Metab 1995;80:2163–2167.

Soares PM, Cabello C, Magna LA, Tinois E, Benetti-Pinto CL. Breast dens-
ity in women with premature ovarian failure or postmenopausal women
using hormone therapy: analytical cross-sectional study. Sao Paulo Med J
2010;128:211–214.

Steingold KA, Matt DW, DeZiegler D, Sealey JE, Fratkin M, Reznikov S.
Comparison of transdermal to oral estradiol administration on hormo-
nal and hepatic parameters in women with premature ovarian failure.
J Clin Endocrinol Metab 1991;73:275–280.

Suckling J, Lethaby A, Kennedy R. Local oestrogen for vaginal atrophy in
postmenopausal women. Cochrane Database Syst Rev 2006:CD001500.

Swerdlow AJ, Hermon C, Jacobs PA, Alberman E, Beral V, Daker M,
Fordyce A, Youings S. Mortality and cancer incidence in persons with
numerical sex chromosome abnormalities: a cohort study. Ann Hum
Genet 2001;65:177–188.

Swillen A, Fryns JP, Kleczkowska A, Massa G, Vanderschueren-
Lodeweyckx M, Van den Berghe H. Intelligence, behaviour and psycho-
social development in Turner syndrome. A cross-sectional study of 50
pre-adolescent and adolescent girls (4–20 years). Genet Couns 1993;4:
7–18.

The Writing Group for the PEPI. Effects of hormone therapy on bone min-
eral density: results from the postmenopausal estrogen/progestin inter-
ventions (PEPI) trial. JAMA 1996;276:1389–1396.

Turtle EJ, Sule AA, Bath LE, Denvir M, Gebbie A, Mirsadraee S, Webb DJ.
Assessing and addressing cardiovascular risk in adults with Turner syn-
drome. Clin Endocrinol (Oxf) 2013;78:639–645.

Vashisht A, Wadsworth F, Carey A, Carey B, Studd J. Bleeding profiles and
effects on the endometrium for women using a novel combination of
transdermal oestradiol and natural progesterone cream as part of a con-
tinuous combined hormone replacement regime. BJOG 2005;112:1402–
1406.

Vermeulen N, D’Angelo A, de Sutter P, Nelen WLDM. Manual for ESHRE
Guideline Development 2014, www.eshre.eu.

von Schoultz E, Rutqvist LE. Menopausal hormone therapy after breast
cancer: the Stockholm randomized trial. J Natl Cancer Inst 2005;97:533–
535.

Vujovic S, Brincat M, Erel T, Gambacciani M, Lambrinoudaki I, Moen MH,
Schenck-Gustafsson K, Tremollieres F, Rozenberg S, Rees M et al. EMAS
position statement: managing women with premature ovarian failure.
Maturitas 2010;67:91–93.

Watts NB, Notelovitz M, Timmons MC, Addison WA, Wiita B, Downey
LJ. Comparison of oral estrogens and estrogens plus androgen on bone
mineral density, menopausal symptoms, and lipid-lipoprotein profiles in
surgical menopause. Obstet Gynecol 1995;85:529–537.

Wisniewski AB, Nguyen TT, Dobs AS. Evaluation of high-dose estrogen
and high-dose estrogen plus methyltestosterone treatment on cognitive
task performance in postmenopausal women. Horm Res 2002;58:150–
155.

Wu X, Cai H, Kallianpur A, Li H, Yang G, Gao J, Xiang YB, Ji BT, Yu T,
Zheng W et al. Impact of premature ovarian failure on mortality and
morbidity among Chinese women. PLoS One 2014;9:e89597.

11HRT for premature ovarian insufficiency: a review

http://www.eshre.eu

	HRT for women with premature ovarian insufficiency: a comprehensive review
	Introduction
	Materials and Methods
	Results
	Indications
	HRT treatment options
	Type of preparations
	Regimens
	Route of administration
	Dose
	Duration

	Risks of HRT
	Breast cancer
	Endometrial cancer and hyperplasia
	Stroke
	Venous thromboembolism

	Monitoring HRT
	Women with POI plus special issues
	Turner syndrome
	After breast cancer and for BRCA gene mutation carriers
	Endometriosis
	Other medical issues
	Migraine
	Hypertension
	History of prior VTE
	Obesity
	Fibroids


	Treatment with androgens
	Indications
	Risks
	Routes of administration, duration and monitoring


	Conclusion
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


