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ABSTRACT
Over the past year, three new key guidelines have been published in the area of female hypogonadism, one from the Society 

for Endocrinology covering the full spectrum of causes of female hypogonadism in adult life, which will form the core of this 

review; another solely covering premature ovarian insufficiency from a consortium comprising the International Menopause 

Society (IMS), the European Society of Human Reproduction & Embryology (ESHRE) and the American Society for Reproductive 

Medicine (ASRM) that updates the 2016 ESHRE guidance, and a third covering Turner syndrome across all stages of life from 

the International Turner Syndrome Consensus Group. In this review, we aim to synthesize the key elements from all of these 

documents, providing a timely update for clinicians managing affected women.

Keywords: Female hypogonadism; premature ovarian insufficiency; hypothalamic amenorrhea; Turner syndrome; hormone 

replacement therapy; estradiol

INTRODUCTION
Over the past year, three new key sets of guidelines 

have been published in the area of female hypogonad-

ism (FH), comprising Society for Endocrinology (SfE) 

guidance covering the full spectrum of causes in af-

fecting women of reproductive age, which will form 

the core of this review (1); guidance specifically for 

POI from an international consortium comprising the 

International Menopause Society (IMS), the European 

Society of Human Reproduction & Embryology 

(ESHRE) and the American Society for Reproductive 

Medicine (ASRM) that updates the 2016 ESHRE guid-

ance (2), and for Turner syndrome across all stag-

es of life from the International Turner Syndrome 

Consensus Group (3). In this overview of FH, we aim to 

review the evidence, with an emphasis on highlighting 

novel or important new concepts arising from these 

latest guidelines. 

FH is defined as the lack of ovarian reproductive 

hormone secretion during the normal post-menarche-

al to premenopausal age range and is usually associ-

ated with prolonged amenorrhea and subfertility (1). 

It is classified into primary and secondary forms, and 

this distinction has important implications. Primary 

hypogonadism usually reflects an intrinsic depletion 

of hormone-secreting follicles in the ovaries, and prin-

cipally results from gonadal dysgenesis, oophorecto-

my, or premature ovarian insufficiency (POI), but can 

also be due to rare disorders of estradiol synthesis or 

the secretion of biologically inactive gonadotropins.  
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As with normal menopause, it is associated with ab-

normally high levels of follicle-stimulating hormone 

(FSH: >25 IU/L) and luteinizing hormone (LH) due to 

the loss of central negative feedback by ovarian ste-

roid and peptide hormones. Secondary (i.e., hypogo-

nadotropic or central) hypogonadism results from 

ovarian under-stimulation due to inadequate gonado-

trophin secretion, which translates into low (or inap-

propriately normal) FSH and LH levels with low estra-

diol and/or a thin endometrium.

FH presents with a multitude of symptoms, includ-

ing prolonged amenorrhea, diminished physical, men-

tal and emotional well-being, subfertility and impaired 

muscle, bone, urogenital and sexual health. Vasomotor 

symptoms commonly occur in adult-onset FH and are 

universal with acute surgical or medical oophorecto-

my in premenopause, but are rare in FH of congenital 

origin or of prepubertal onset; in the latter, there is 

instead a failure to fully develop external and inter-

nal secondary sexual characteristics or to experience 

normal menarche. Amenorrhea is classified as primary 

(absence of menarche by age 15) or secondary (lack of 

menses for 3 months if previously regular cycle, or for 

6 months if cycle was previously irregular). Whether 

amenorrhea was primary or secondary maps approxi-

mately onto whether FH was of prepubertal or post-

pubertal onset. 

APPROACH TO THE DIAGNOSIS  
AND CLASSIFICATION OF FH
It is vital to measure gonadotropin levels in order to 

distinguish primary from central hypogonadism, be-

cause the approach to the second-order investiga-

tions and fertility counselling is notably divergent (e.g., 

karyotype or copy number variation in primary FH, 

and serum prolactin and MRI pituitary in secondary 

FH). Other investigations are required for determin-

ing etiological causes within these two categories and 

may be ordered in case-by-case settings depending on 

the associated clinical manifestations present. Indeed, 

certain non-reproductive defects allow a fairly confi-

dent presumptive diagnosis of FH to be made even in 

normal prepubertal childhood, such as anosmia (sug-

gesting Kallmann syndrome), or the constellation of 

clinical features that characterize Turner syndrome. 

In these individuals, pubertal induction with estradiol 

should be anticipatory from age 11 years, rather than 

reactive to the experience of pubertal delay (4).

Primary FH is always caused by organic pathology. 

However, secondary FH may be either organic (e.g., 

due to a genetic defect of hypothalamic-pituitary hor-

mone secretion, parasellar mass lesion, radiotherapy, 

traumatic brain injury or surgery), or functional/re-

versible due to non-gonadal illness (e.g., systemic ill-

ness, low fat mass, excessive exercise or stress), opiate 

intake/treatment, or hyperprolactinaemic states. In 

functional secondary FH (commonly known as hypo-

thalamic amenorrhea – HA), there are two key clini-

cal judgments to make, one diagnostic and the other 

therapeutic. First, a judgement needs to be made as to 

how exhaustively to exclude organic disease by, for in-

stance, checking anterior pituitary function, iron stud-

ies and/or MRI scanning. Second, for how long should 

one persist in attempting to achieve remission by tar-

geting the underlying cause, e.g., through behavioural 

treatments, versus prescribing hormone replacement 

therapy (HRT)?

Although diagnosing primary FH or POI should 

be straightforward, patients commonly experience 

prolonged delays in accessing appropriate treatment; 

the diagnosis took longer than two years in 23% of 

Australian women, with at least two clinicians having 

been consulted on average (5) and, in a low-income 

(Medicaid) urban USA population, the median time 

from first presentation to diagnosis was 4 years (6). 

These delays may be related to clinicians finding it dif-

ficult to even consider the possibility of menopause in 

younger women, in situations when there are other 

potential causes for amenorrhea, or in the early years 

after disease onset when amenorrhea is not sustained 

and there may be intervals of cyclical bleeding. The 

latest international POI guidance has therefore com-

mendably attempted to streamline the diagnostic pro-

cess by no longer requiring a second raised FSH (>25 

IU/L) concentration for diagnostic purposes (2).

The diagnosis of FH is even more difficult for second-

ary causes, where the diagnostic guiderail of a raised 

FSH concentration (>25 IU/L) is lacking and clinicians 

may not readily consider checking the estradiol concen-

tration. Even if available they may be uncertain as to how 
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to interpret the result. Specifically, laboratory printouts 

giving normative ranges for serum estradiol across the 

female menstrual cycle are unhelpful because healthy 

menstruating women rarely need measurements of es-

tradiol levels. The range of quoted values (typically 100-

2,000 pmol/L) is irrelevant to the context of prolonged 

amenorrhea where any temporal relationship to the 

menstrual phase is necessarily lacking.

Therefore, based on the range of estradiol concen-

trations observed in studies of women with prolonged 

lactational or hypothalamic amenorrhea (HA), SfE 

guidance recommends that a serum estradiol con-

centration < 200 pmol/L associated with prolonged 

amenorrhea is suggestive of FH (1).

The importance of early diagnosis and treatment of 

FH cannot be overstated. Aside from issues of patient 

symptoms and quality of life, prolonged hypoestro-

genism is an important risk factor for cardiovascular 

disease, osteoporosis and fracture, and possibly even 

dementia (7,8). Although estrogen replacement ther-

apy in preventing dementia remains controversial in 

the literature (9), there are established benefits to both 

cardiovascular and bone health in women with POI (on-

set prior to age 40 years) and early menopause (onset 

40-45 years) (1,10). Considering that most hormone 

replacement therapy (HRT) studies have been conduct-

ed with post-menopausal women without specifying a 

menopausal age onset, further research is still needed 

in younger populations and, lacking large clinical trials, 

patient registries are likely to provide key data. 

THE REGULATION AND PHYSIOLOGICAL 
ROLES OF OVARIAN HORMONES
Gonadotropin-releasing hormone (GnRH)-stimulated 

FSH and LH pulses of increasing amplitude from the 

pituitary gland herald the onset of ovarian steroido-

genesis, corresponding to thelarche (Tanner B2). 

Estradiol secreted by the granulosa cells of develop-

ing follicles in response to FSH is central to the acqui-

sition of key secondary sex characteristics and growth 

and maturation of the uterus over a period of 3-4 

years. This highlights the importance of an appropri-

ate tempo of incremental estradiol administration so 

as to mimic normal puberty, avoiding premature pro-

gesterone exposure, which can limit full development 

of the breast by limiting the branching morphogenesis 

necessary for complete development of the ductal 

tree (4,11), and may also limit uterine development 

(12). Although pulsatile subcutaneous GnRH treat-

ment has been used both to induce puberty in girls 

and, more commonly, to achieve ovulation in adult 

females with central hypogonadism of hypothalamic 

origin, its complexity, the associated costs and avail-

ability in only very few countries, combine to explain 

why it is rarely used nowadays (13).

GnRH neurons are not a site of any significant es-

tradiol negative feedback, and the secretion of GnRH 

at their terminals at the median eminence is directly 

regulated by Kisspeptin (Kp) secreted by neurons hav-

ing their cell bodies in the arcuate (ARC) and anterior 

periventricular (APV) nuclei of the hypothalamus. 

Kp secretion is determined through the integration 

of both external environmental and internal homeo-

static inputs, including leptin secreted by fat cells and 

estradiol, progesterone and anti-Müllerian hormone 

(AMH) secreted by the ovaries. Broadly, estradiol in-

hibits Kp secretion by KNDy neurons in the ARC, but 

stimulates Kp secretion by APV neurons, thereby 

forming the oscillator circuit that creates cyclical hor-

mone secretion and gametogenesis in females com-

pared to the steady-state system in males (14). Other 

peptides secreted by KNDy neurons that help to 

regulate GnRH secretion include neurokinin B (NKB 

– stimulatory) and dynorphin (inhibitory). Crucially, 

inactivating mutations of Kp, NKB and GnRH peptide 

hormones, or far more common of their G-protein-

coupled receptors, are among the recognized genetic 

causes of congenital hypogonadotropic hypogonad-

ism (CHH) (15). In contrast, the higher concentrations 

of AMH (secreted by granulosa cells in small antral 

and preantral ovarian follicles) promote a higher fre-

quency of GnRH pulses that favors LH secretion, as 

occurs in PCOS. 

In reproductive life, estradiol is essential for cycli-

cal endometrial repair and cellular proliferation after 

each menstruation during the follicular phase, and for 

the expression of endometrial progesterone recep-

tors, thereby underpinning the necessary changes 

that are required for embryo implantation and the es-

tablishment of pregnancy (16). It is also essential for 
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the proliferation of epithelial mucosal cells of the vagi-

na and vulva, maintaining the integrity and lubrication 

of the vulvo-vaginal epithelium, and for the ongoing 

health and functionality of the urogenital tract. 

Estradiol promotes epiphyseal fusion and is also 

crucial to achieving peak bone mass and maintaining 

it thereafter. During puberty, the rise in sex hormone 

levels, particularly estradiol, stimulates osteoprote-

gerin activity and decreases RANKL expression in 

osteoblasts. Estradiol also inhibits the secretion of 

proinflammatory cytokines, which in turn reduces os-

teoclastic activity, leading to decreased bone resorp-

tion and increased repair of microfractures, thereby 

augmenting trabecular bone thickness in particular. In 

contrast, estrogen deficiency promotes osteoclastic ac-

tivity and subsequent bone resorption via several path-

ways, including tumor necrosis factor-α, interleukin-1β, 

RANK-ligand and sclerostin (Wnt signaling) pathways 

(1), which may also be exacerbated by upstream distur-

bances in extragonadal reproductive hormones (17).

Estradiol plays an important role in modulating 

cardiovascular risk through its signaling via ER-alpha 

and ER-beta receptors. As oxidative stress plays a sig-

nificant part in the pathogenesis of atherosclerosis, 

myocardial dysfunction, cardiac hypertrophy, heart 

failure, and myocardial ischemia, excess reactive 

oxygen species (ROS) resulting from hypoestrogenic 

states lead to the increased 10-year cardiovascular 

risk observed on POI and early menopause. Estradiol 

is thought to act in the upregulation of antioxidant 

gene expression, increasing Endothelial nitric oxide 

synthase (eNOS) activity and decreasing superoxide 

production, with subsequent reduced apoptosis and 

necrosis of cardiac and endothelial cells. Altogether, 

the ensuing actions result in a more favorable lipid 

profile with increased levels of HDL and decreased 

levels of LDL and total cholesterol (18,19). Estradiol 

also promotes cerebral blood flow and vasodilation 

and reduces oxidative stress and neuroinflammation, 

as well as enhancing functioning of the hippocampal 

and prefrontal cortices (20,21). Additional effects of 

estradiol on mitochondrial activity, regulation of insu-

lin sensitivity and the renin-angiotensin-aldosterone 

system further contribute to its broadly favorable 

metabolic effects (22,23).

CAUSES OF FH
Primary hypogonadism, including  
premature ovarian insufficiency (POI)
POI is characterized by oligo-amenorrhea (>4 months 

duration) in conjunction with a raised FSH level (>25 

IU/L), occurring in women <40 years old and having 

characteristic signs or symptoms, including sleep distur-

bance, vasomotor fluctuations, low libido and energy, 

altered urinary frequency, dyspareunia due to vulvo-

vaginal atrophy and cognitive disturbances. Recent in-

ternational POI guidelines indicate a prevalence of 3.5% 

and recommend that a single FSH assessment (>25 IU/L) 

in a symptomatic woman is sufficient for diagnosis; a 

second FSH measurement four weeks later only being 

required where there is diagnostic uncertainty (2). 

Although the etiology of most cases of POI re-

mains undefined based on present knowledge and 

techniques, further investigation of the cause should 

nevertheless be undertaken, including a personal and 

family medical history, karyotype (or copy number 

variation test), thyroid-stimulating hormone (TSH) 

level, thyroid peroxidase (TPO) antibody concentra-

tion, and fragile-X testing (FMR1 gene). Genomic eval-

uation should be performed in younger women once 

other potential causes have been excluded, but from 

the perspective of other family members, there are 

benefits in making it across the age spectrum of POI, 

especially in respect of FMR1 (2). 

Women with primary amenorrhea and absent 

puberty are likely to have gonadal dysgenesis (see 

below), although type 1 galactosemia (GALK1 gene), 

FMR1 gene mutations and even Turner syndrome 

(TS) can equally present with secondary amenorrhea 

post-puberty. Autoimmune oophoritis is a major post-

pubertal cause, albeit anti-ovarian antibody tests are 

non-specific, and so the diagnosis is usually inferred 

from the presence of other autoimmune conditions, 

thyroid, adrenal, celiac disease, or pernicious anemia. 

Gonadal dysgenesis and Turner syndrome
Gonadal dysgenesis refers to a broad range of condi-

tions characterised by impaired gonadal development 

due to alterations of genetic material or abnormalities 

in cell division that lead to dysplastic or streak gonads 

and a prepubertal female phenotype irrespective of 
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sex chromosomes. The karyotype can thus be 46XX, 

46XY (Swyer syndrome), or 45X0 (or variants there-

of) in Turner syndrome (TS). Unless there were other 

characteristic features leading to the clinical suspicion 

and diagnosis of TS in prepuberty, gonadal dysgenesis 

otherwise presents invariably with primary amenor-

rhea and absent puberty. 

TS is the most prevalent sex chromosome disor-

der in women, affecting 5 per 10,000 live births (24). 

There is complete or partial absence of one X chromo-

some, with ovarian insufficiency primarily associated 

with deletions or structural abnormalities of the long 

arm (Xq13-27), which contains genes critical for ovar-

ian development and function, and short stature with 

haplo-insufficiency for the SHOX gene on the pseudo 

autosomal region 1 of the short arm (Xp22.3). In early 

fetal life, there is accelerated oocyte apoptosis and im-

paired formation of primordial follicles, leading to de-

pletion of germ cells (25). Characteristic intrauterine 

features on prenatal sonography comprise increased 

nuchal translucency, cystic hygroma, intrauterine 

growth restriction and cardiac anomalies, but a minor-

ity of cases entirely lack any notable physical dysmor-

phisms, whether in utero or postnatal life. Longitudinal 

studies have identified abnormally raised FSH and 

LH concentrations during postnatal minipuberty and 

from late prepuberty onwards. 

If the diagnosis of TS was made in prepuberty, then 

annual measurement of FSH, LH and AMH concentra-

tions should be undertaken from age 8-9 until 11-12 

years, to identify those girls who will need early pu-

bertal-induction proactively. AMH levels < 4 pmol/L 

and raised FSH are highly correlated with absent 

puberty (3) and, in these girls, estrogen replacement 

should not be delayed until thelarche fails to appear 

at the upper limit of the normal age of onset; rather it 

should begin at 11 years of age with incremental dos-

es of 17b-estradiol until the adult replacement dosage 

is reached over the next 3-4 years, and with longitu-

dinal monitoring of Tanner staging and sonographic 

assessment of uterine dimensions and maturity (2-4). 

It is also recommended that the final adult dose 

should achieve serum estradiol concentrations in the 

350-550 pmol/L (100-150 pg/mL) range as this seems 

to be associated with better uterine maturation (3). 

Nevertheless, POI guidance  still does not recommend 

adjusting HRT doses according to the serum estradiol 

concentration (2).

The TS phenotype is highly variable, depend-

ing to some extent on whether all or part of the 

X-chromosome is missing and whether there is mo-

saicism (albeit the ratio of total somatic cells with 

normal or abnormal chromosomes cannot be reli-

ably extrapolated from that observed in culture of 

peripheral blood leukocytes). The initial presentation 

and diagnosis may thus arise as a result of prenatal 

diagnostics, childhood growth retardation, failure of 

puberty with primary amenorrhea, or even with the 

onset of secondary amenorrhea due to POI (25). Up 

to one third of girls with TS may develop spontaneous 

thelarche, but spontaneous menarche only occurs in 

5%-20% and < 10% go on to develop regular periods, 

albeit with an increased risk of miscarriage in preg-

nancy and an unquantified increased risk of develop-

ing POI in later life. 

Natural conception is not possible for women with 

gonadal dysgenesis and streak ovaries, in whom egg-

donation is the only means of carrying a pregnancy to 

term, but pregnancy may still occur in up to 10% of TS 

women, being the vast majority of cases among those 

with mosaic karyotypes and a history of spontaneous 

menarche. For TS women of reproductive age who are 

menstruating normally and have the necessary psy-

chological maturity (but are either not in a relation-

ship or not ready to start a family), oocyte cryopreser-

vation is recommended. Contraceptive measures 

should also be considered in those who are sexually 

active if pregnancy is not desired. Although a poten-

tially promising technique for younger TS girls (26), 

ovarian tissue preservation should only be offered in 

the context of a formal research protocol (3).

Autoimmune
Autoimmune oophoritis accounts for up to 30% of 

cases of POI, most commonly associated with thyroid 

and adrenal disturbances, but less frequently perni-

cious anemia, T1 diabetes mellitus, rheumatoid ar-

thritis, Crohn’s disease, myasthenia gravis and lupus 

(27). Up to 60% of cases diagnosed with APS-1 (auto-

immune polyendocrinopathy-candidiasis-ectodermal 
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dystrophy – APECED), characterized by mutations in 

the autoimmune regulator (AIRE) gene, will develop 

POI. There is a significant correlation between posi-

tive adrenal 21-hydroxylase antibodies and POI, and 

monitoring of adrenal as well as thyroid function 

should be considered in younger females with POI of 

unknown cause, albeit POI usually presents a decade 

before the onset of clinical adrenal involvement (27). 

Women may experience brief disease remissions 

that allow them to ovulate and fall pregnant, particu-

larly in the early years after onset when AMH levels 

are > 4 pmol/L, and with an approximately 5% lifetime 

chance of conceiving naturally (28). Although nearly 

three-quarters of women with 46XX POI retain ovar-

ian follicles, chronically raised LH levels promote pre-

mature luteinization that diminishes the chances for 

spontaneous ovulation over time (1). Despite prom-

ising results in murine models (24), there are no dis-

ease-modifying therapies for autoimmune oophoritis, 

albeit the impact of oophoritis caused by cytotoxic 

drugs such as cyclophosphamide, can be mitigated by 

contemporaneous treatment with a GnRH-analogue 

to induce gonadotropin suppression and ovarian qui-

escence (29). 

Iatrogenic
In addition to the obvious immediate implication of bi-

lateral oophorectomy, removal of benign ovarian cysts 

(especially if large or the surgery is repeated) predis-

poses to POI. Moreover, there is also a growing popu-

lation of young women who have survived cancer and 

its treatment. The risks from chemotherapy and pelvic 

radiotherapy vary by regimen, dose, and age at admin-

istration. The high toxicity is associated with alkylating 

agents such as busulfan and cyclophosphamide, and 

high-dose lomustine; larger doses and older age are 

linked to poorer outcomes in terms of ovarian func-

tion (30-32). If time permits, patients should always 

be referred for a consultation regarding strategies for 

fertility preservation prior to undergoing treatment 

(32). Many younger patients later recover gonadal 

function following an initial phase of chemotherapy-

induced POI, and a higher AMH level is predictive of 

this (33), but their depleted ovarian reserve may later 

predispose them to POI or early menopause (34,35). 

Finally, even if pregnancy is achieved, previous pelvic 

radiotherapy limits the ability of the uterus to support 

pregnancy to term, resulting in a much higher likeli-

hood of miscarriage, preterm labor, low birth weight 

and other complications (36).

Genetic mutations and environmental factors
A premutation in FMR1 is the most common single 

gene abnormality associated with the development 

of POI, accounting for 3%-5% of cases; some 12.9%-

24% of women carrying it will experience POI, with 

a younger age of onset occurring across successive 

generations (“anticipation”) (37) and has been linked 

to an increased risk of mental retardation, tremor 

and ataxia syndrome in affected males (38). However, 

more extensive genetic screening is now becoming a 

standard of care in POI, with one study suggesting a 

prevalence of genetic defects in up to 23% of younger 

patients and those presenting with primary amenor-

rhea (39). Nevertheless, data from the UK Biobank 

suggest that, for the vast majority of women, POI is 

not commonly caused by autosomal dominant vari-

ants of genes previously reported or currently evalu-

ated in clinical diagnostic panels; most cases instead 

likely being oligogenic or polygenic in nature (40). 

However, further studies in different populations are 

still needed to solidify recommendations and to bet-

ter understand the roles of gene regulatory pathways 

and transcription factors in ovarian development and 

follicle maturation. 

Environmental factors, such as cigarette smoking, 

hysterectomy, recurrent viral infections, exposure 

to phthalates, bisphenol A and pesticides, as well as 

Endocrine Disrupting Chemicals (EDCs), have also 

been linked to an earlier onset of menopause, most 

likely via an epigenetic effect or, potentially, an impact 

of on the ovarian vascular supply depending on the in-

dividual risk factor (41). 

Central hypogonadism
Central hypogonadism in women results in impaired 

ovarian function due to lack of gonadotropin stimula-

tion. It may be congenital or acquired and, if acquired, 

either organic or functional. Congenital forms are 

among the very rare causes of FH, including CHH 
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(female prevalence of 1-in-40 to 125,000), CHARGE 

syndrome (see below; 1-in-15,000), combined pitu-

itary hormone deficiency (CPHD; 1-in-5 to 10,000) 

and septo-optic dysplasia (SOD; 1-in-10,000), with 

perhaps 60% of the latter two exhibiting gonadotro-

pin deficiency. 

In contrast, hypothalamic amenorrhea (HA), a form 

of functional central FH, is among the most frequent 

causes of amenorrhea during reproductive life, and is 

by far the most common cause of FH. Other frequent 

causes of functional central FH include hyperprolac-

tinemia, whether induced by prolactinoma, with se-

rotoninergic and anti-dopaminergic drugs, opiates, 

or depot injections of medroxyprogesterone acetate 

(MPA). It is likely that, in many cases, functional CH 

may result from a combination of predisposing factors 

that individually might not be sufficiently severe to 

disturb menstrual cyclicity.

Nevertheless, similar principles of diagnosis and 

treatment apply to all forms of CH (42) and, indeed, 

there are shared genetic predispositions in relation to 

CHH, CPHD, SOD, CHARGE and HA (43-46). 

Congenital hypogonadotropic hypogonadism (CHH) 
This is characterized by a congenital defect of GnRH 

secretion or (less commonly) GnRH action. Around 

two-thirds of CHH patients present with absent 

puberty, which is associated with complete GnRH/

LH apulsatility, and the remaining one-third exhibit 

arrested partial puberty at presentation, which is 

associated with low-frequency, low-amplitude, or 

nocturnal-only pulse patterns. However, primary 

amenorrhea is ubiquitous in any case. In a European 

web-based survey, the median age at diagnosis and 

clinically meaningful treatment in females was 20.7 ± 

7.4 years by patient recall, probably due to diagnostic 

confusion by their clinicians with self-limiting delayed 

puberty (SLDP) or HA, both of which share a common 

biochemical signature with CHH. This delay in diag-

nosis and effective treatment was associated with en-

during psychological and psychosexual morbidity (47).

CHH can occur as an isolated neuroendocrine 

defect in 30%-40% of cases or in association with 

other developmental anomalies, most commonly an-

osmia that defines Kallmann syndrome (around 50% 

of cases), but also hearing loss (10%), midline defects 

(cleft lip/palate – 5%), synkinesia, renal agenesis, den-

tal and skeletal anomalies (collectively around 5%). 

The link between anosmia (lack of sense of smell) and 

GnRH deficiency is explained by the extracranial ori-

gin of GnRH neurons within the embryonic olfactory 

placode and their migration alongside fascicles of the 

olfactory, terminal and vomeronasal nerves during fe-

tal life (42,48,49). 

Pathogenic mutations in over 60 genes have been 

linked with CHH, acting either alone or in combination 

(oligogenic disease), with perhaps 50% of cases now 

having a robust genetic explanation. Mutations that 

disrupt GnRH neuron development and migration 

usually manifest as Kallmann syndrome (KS), whereas 

those that disrupt GnRH homeostasis, secretion or ac-

tion present exclusively as pure neuroendocrine CHH. 

Synkinesia and renal agenesis are particularly associ-

ated with ANOS1 mutations, hearing loss with CHD7 

and SOX10 mutations, and midline, digital and dental 

defects with mutations of FGFR1 or its cognate ligand 

FGF8. Given that X-linked KS (ANOS1) comprises only 

around 10% of KS cases (5% of total CHH), the genet-

ic architecture of CHH provides no clues as why it is 

around 3-4-times less common in females (15). 

Hypopituitarism and combined pituitary  
hormone deficiency (CPHD)
Acquired hypopituitarism in adulthood is most com-

monly caused by benign parasellar tumors, comprising 

in descending order of frequency, pituitary adenomas 

(most commonly prolactinomas or non-functioning), 

craniopharyngiomas, Rathke’s cleft cysts, meningio-

mas, gliomas and germinomas. Prolactinomas cause 

functional CH through both hormonal and mass ef-

fects. Other causes include CNS infections, traumatic 

brain injury (especially military blast trauma), radia-

tion, surgery and, rarely nowadays in the developed 

world, Sheehan’s syndrome (pituitary infarction 

caused by severe post-partum hemorrhage) (50).

Combined pituitary hormone deficiency (CPHD) is 

defined by the deficiency of at least two pituitary hor-

mones and is often diagnosed and treated postnatally 

or in early childhood. However, gonadotrophin defi-

ciency may not become apparent until puberty fails 
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to initiate or, as hormone deficiencies may manifest 

metachronously, with the onset of secondary amen-

orrhea in later life. Several genes have been identi-

fied, comprising either pituitary transcription factors 

or CHH-related genes, but the vast majority of cases 

remain without an identified genetic cause (51-53). 

There are characteristic MRI appearances of pituitary 

fossa hypoplasia and/or posterior pituitary ectopia 

that are also seen in isolated GH deficiency. SOD is a 

related developmental brain malformation that can 

present with pituitary hormone deficiencies, severe 

visual impairment, neurocognitive disability and neu-

rodivergent traits, as well as agenesis of the corpus 

callosum or optic nerve hypoplasia (54). 

CHARGE syndrome
The constellation of coloboma (ocular malformation 

of the lens, iris, or retina), congenital heart defects, 

choanal atresia (abnormal formation of the nasal cav-

ity), retardation of growth and development, geni-

tal hypoplasia, and ear anomalies (both external and 

internal) associated with deafness define CHARGE 

syndrome, a condition of multiple congenital anoma-

lies that also frequently includes severe learning dif-

ficulty, facial asymmetry and immunologic problems 

(55). Most patients exhibit CHH, with or without an-

osmia, and it may not be easy to distinguish between 

milder forms of CHARGE syndrome from the more 

severe KS phenotypes. Approximately two-thirds of 

cases are explained by large de novo deletions in the 

Chromodomain-helicase-DNA-binding protein 7 

(CHD7) and, although the same gene is also involved 

in both normosmic CHH and KS, inherited point muta-

tions are more typical in these conditions (56).

Prader-Willi syndrome 
Prader-Willi syndrome (PWS) is a rare genetic disor-

der (1/10,000-25,000), associated with severe hy-

pothalamic dysfunction caused by lack of expression 

of the paternal copy of maternally imprinted genes 

in the chromosome region 15q11-13. Subtypes are 

classified into deletions (70%), maternal uniparental 

disomy (25%-30%), imprinting center defects (3%-

5%) and rare unbalanced translocations. It typically 

causes profound physical, mental and social disability. 

Puberty is usually delayed or incomplete due to CHH, 

but may occasionally be precocious, and females are 

usually infertile. As well as HRT, patients typically 

benefit from growth hormone treatment during child-

hood and adolescence and, crucially, long-term man-

agement of hyperphagia and obesity (57).

Functional central FH including hypothalamic 
amenorrhea
Definition

Functional central FH is fully reversible when the ex-

ternal constraint to gonadotropin (or GnRH) secretion 

is removed. One form of this, hypothalamic amenor-

rhea (HA), is among the most common pathological 

causes of secondary amenorrhea, and results from 

suppression of GnRH secretion by an active systemic 

disease process, stress, or a state of relative energy 

deficit, whether from excessive exercise or disor-

dered/restricted food intake (58). It is likely to have 

been programmed by evolution to prevent pregnancy 

during times of scarcity or long-distance migration. 

Although most women and girls presenting with HA 

do not have an active eating disorder such as anorexia 

nervosa, many will have disordered eating or a history 

of eating disorder, along with high-achieving or per-

fectionist personality traits and sleep deprivation. 

Pathophysiological basis and differential  

diagnosis of HA

Secretion of leptin by adipose cells is heavily influ-

enced by energy balance and fat mass, and leptin 

deficiency inhibits Kp secretion. Reduced Kp secre-

tion initially slows GnRH pulse frequency, which fa-

vors FSH secretion as per early puberty, but with 

extremely low leptin levels signaling critical undernu-

trition, the reproductive axis then shuts down entirely. 

Nevertheless, whereas infusions of pulsatile GnRH 

and twice daily subcutaneous injections of leptin fully 

restored reproductive axis function in women with 

HA (59), the effect of Kp infusions was less marked 

and not sustained (60).

South Asians appear more protected from HA due 

to higher fat mass than Caucasians with a similar BMI, 

whereas athletes may exhibit HA with normal (or 

even raised) BMI due to high muscle mass. However, 
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there must also be individual factors that determine 

why females with apparently similar body habitus 

and activity levels are discordant for HA. Indeed, HA 

females are more likely to harbor monoallelic gene 

variants associated with CHH than control popula-

tions, which may increase their susceptibility to envi-

ronmental stressors (1). In clinical practice, functional 

HA is commonly linked to stress – whether metabolic, 

physical, or psychological – as well as weight loss re-

sulting from reduced caloric intake or intensive physi-

cal activity (61).

It may be difficult to distinguish HA from CHH in 

women with primary amenorrhea, or from an organic 

pituitary process in secondary amenorrhea, but aside 

from the clinical history, there are some helpful indi-

cators, including BMI (usually <23 kg/m2 in HA), con-

genital defects (present in 60-70% of CHH), fasted 9 

AM anterior pituitary function (normal in CHH aside 

from LH and FSH; potentially abnormal in organic pi-

tuitary disease), potentially low free T3 and IGF1, but 

high-normal cortisol and GH in HA; iron studies (high 

ferritin and iron binding saturation in iron overload), 

MRI of the pituitary gland (normal in CHH and HA, 

but usually abnormal in CPHD and organic acquired 

hypopituitarism) and olfactory bulbs (absent or hypo-

plastic in KS), body composition by DXA or bioimped-

ance (low fat mass and/or high lean body mass in HA), 

and potentially also genomic evaluation as a final 

consideration.

Management

Removing or addressing the underlying cause of HA 

(where achievable) allows normal function of the HPG 

axis to resume with restoration of normal ovarian 

hormone secretion, menstruation, fertility and bone 

mass. Teaching has thus traditionally emphasized the 

primacy of behavioral (dietary, exercise or psycho-

logical) interventions (62-64). However, many women 

with HA find these adjustments to be unacceptable 

or unachievable, and others may already have expe-

rienced a significant impact on bone, sexual or uro-

genital health in the years prior to their initial con-

sultation. Therefore, under these circumstances, the 

SfE recommends considering HRT at the initial con-

sultation, which could either form a bridging therapy 

pending the outcome of behavioral interventions, or 

if there is no resolution, continued until the normal 

age of menopause. In any case, the recommendation 

for HRT should not be deferred for longer than 6-12 

months beyond the initial discussion if there is no 

resolution (1). 

Similar principles apply to women with other forms 

of functional central FH, e.g. induced by opiates or hy-

perprolactinaemia. Although the initial aim would be 

to seek to achieve resolution of hyperprolactinaemia 

through dopamine-agonist treatment of prolactinoma 

or substitution of anti-dopaminergic or serotonergic 

drugs with alternative neuroleptics, or weaning of opi-

ate medication, this strategy cannot be open-ended. 

Again, HRT should be recommended at the outset if 

there is little realistic possibility of achieving this aim 

(e.g., patient or psychiatrist unwilling to risk destabi-

lizing mental health by substituting a prolactin-neu-

tral drug; pain or addiction specialist unable to wean 

opiates), or if resumption of menstruation has not oc-

curred within 6-12 months of the initial consultation.

Conventional ethinylestradiol-based combined 

oral contraceptive (COC) are best avoided due to the 

inferior bone protection they confer compared with 

transdermal estradiol, which is likely mediated by 

greater inhibition of liver IGF1 secretion, and great-

er thrombosis risk. Nevertheless, for sexually active 

women in whom pregnancy would not be desirable, it 

is vital to discuss contraception at the initial consul-

tation, due to the potential for reproductive function 

to recover rapidly and unpredictably in all forms of 

functional CH. If other contraceptive options are not 

acceptable, then a 17b-estradiol-based COC (or if not 

available, systemic estradiol combined with proges-

terone only pill) could be prescribed as an alternative 

to HRT (1). 

Hormone treatment
Estrogen
Estrogen replacement therapy in women with FH is 

essential to maintain secondary sexual characteris-

tics, optimize sexual functioning, and prevent vasomo-

tor or neurocognitive symptoms, bone loss and fragil-

ity fractures, urogenital atrophy, and (although not 

proven) premature cardiovascular disease. 
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There are three primary types of estrogen formula-

tions that exhibit different pharmacodynamics and ac-

tivity at the a and b estrogen receptors: 17b-estradiol 

(= estradiol), ethinylestradiol (EE) found in most COCs, 

and conjugated equine estrogens (CEE). Only estradiol 

can be reliably measured by clinical assays, being the 

natural endogenous hormone. CEE contains a mixture 

of various xenoestrogenic compounds purified from 

pregnant mare urine, and EE is a synthetic analogue 

that has long been used in COCs. EE interacts with both 

a and b estrogen receptors, irreversibly inhibiting CYP 

enzymes involved in steroid metabolism and activating 

the renin-angiotensin system, resulting in a mecha-

nism of action that diverges from normal physiology 

and that necessitates regular blood pressure monitor-

ing (65). The COC is also inferior to HRT in respect of 

bone health in women with POI (66). Therefore, HRT 

based on 17b-estradiol (available in the form of tablets, 

patches, spray or gel) is now the preferred form, as per 

all current guidance (1-3), with data from both meno-

pausal and transgender females indicating a lower rate 

of thrombosis, especially when administered transder-

mally (1). Hence, routine use of COC as a first-line form 

of HRT is no longer recommended unless there is a real 

risk of unwanted pregnancy and other forms of contra-

ception are not acceptable (1-3). In this case, the SfE 

recommends one of the newer estradiol-based COCs 

that have the additional advantage of only a few blank 

days, rather than the traditional “pill-free week” during 

which zero estrogen is administered (1).

Progestins
Progesterone is required for endometrial protection 

in women with a uterus who have completed puberty, 

and a variety of progestins can be administered sys-

temically in a sequential or continuous combined man-

ner, or as an intrauterine system (IUS). Long-acting 

progestin contraceptive implants or depot injections 

could probably provide adequate endometrial pro-

tection as part of a continuous combined HRT regi-

men, but are unlicensed for this purpose. Progestins 

should be prescribed at the lowest dose that achieves 

endometrial protection, evidenced by the lack of un-

scheduled bleeding. This is because prolonged use of 

combined HRT in postmenopausal women confers a 

higher risk of breast cancer (greater with continuous 

combined than sequential), whereas that risk is much 

lower in hysterectomized women on estrogen mono-

therapy (1). Nevertheless, prolonged HRT use in wom-

en of premenopausal age with FH does not increase 

the risk of breast cancer above baseline for a eugonad-

al female (22,67). It has been plausibly suggested that 

the progestin dose should be adjusted in proportion 

to the estradiol dose, so that estradiol doses exceed-

ing 2 mg orally or via gel, 100 mcg patches, or 3 sprays 

(4.59 mg) may require higher progestin doses than in 

standard preparations (22), but evidence is lacking (1). 

All three guidelines (1-3) favor micronised proges-

terone (oral or vaginal; 100-200 mg daily for the first 

12-14 days of each calendar month, or 100 mg daily 

taken continuously), or its stereoisomer dydrogester-

one (oral; 10 mg daily for the first 12-14 days of each 

calendar month, or 5-10 mg daily taken continuously), 

as being metabolically neutral, improving sleep qual-

ity and potentially mitigating breast cancer risk due 

to pro-apoptotic and more antiproliferative effects 

on breast tissue (68-70). However, a levonorgestrel 

52 mg IUS (approximately 21 mcg/day steady state 

release over 5 years) provides the best endometrial 

protection and, due to lesser systemic absorption, is 

likewise anticipated to have a lower associated breast 

cancer risk than older, more androgenic and proco-

agulant progestins, such as norethisterone acetate 

(NEA) and MPA (1). Moreover, for a female with dis-

ability, in whom it has not proven possible to avoid dis-

tressing cyclical or unscheduled bleeding, the inser-

tion of a levonorgestrel IUS under general anesthetic 

can be transformative of quality of life. Nevertheless, 

despite the overall advantages of micronised proges-

terone or its stereoisomer dydrogesterone for most 

women, NEA in a continuous-combined regimen pro-

vides the next best progestin for endometrial protec-

tion after the levonorgestrel IUS and, when adminis-

tered transdermally in the form of combined patches 

with estradiol, may also avoid the prothrombotic ef-

fect of oral NEA. 

Cautions and contraindications
A wide range of medical conditions are listed as con-

traindications to HRT (or COC in eugonadal women) 
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(71), based on studies predominantly using oral CEE in 

postmenopausal women or EE-based COC in younger 

women. Therefore, multidisciplinary discussion may 

be necessary with other specialists (e.g., Medical and 

surgical Oncologists and Neurologists, Hematologists, 

Stroke Physicians and Cardiologists) and of course the 

patient herself. To this end, it is useful to first remind 

all parties that, unlike perimenopause, there is no 

long-term treatment alternative to HRT and no valid 

or reasonable non-treatment strategy for FH. Second, 

that modern transdermal estradiol plus “neutral” pro-

gestins have a negligible prothrombotic action com-

pared with historic CEE plus MPA regimens, with good 

evidence for this both from older postmenopausal 

women and younger transgender females (1). Finally, 

it may be necessary to focus the minds of colleagues 

by posing the direct question: “if this were a young wom-

en with regular periods, would your usual standard of care 

for treating [migraine with aura, stroke, venous thrombo-

embolism (VTE), meningioma, hepatic adenoma, obesity, 

diabetes, major surgery or a strong family history of breast 

cancer, etc.] comprise precautionary medical or surgical 

oophorectomy or anti-estrogen treatment?”.  From this 

analysis, it becomes clearer that, for women with FH 

below the age for usual menopause, HRT is only con-

traindicated in two conditions: past or current breast 

cancer and active endometrial cancer. 

For eugonadal women with BRCA1 or BRCA2 mu-

tations, a risk-reducing bilateral salpingo-oophorec-

tomy after completion of childbearing around age 45 

years (the age threshold for early menopause) is rec-

ommended to significantly reduce the risk of ovarian, 

fallopian tube, breast and peritoneal cancers. Subject 

to patient choice, only the most severe BRCA1 muta-

tions, causing complete loss or major disruption of pro-

tein structure of function, would prompt consideration 

of earlier oophorectomy (down to age 35 years), espe-

cially as prophylactic bilateral mastectomy more ef-

fectively reduces the risk of aggressive triple negative 

breast cancer (72). Therefore, younger women with FH 

who are BRCA carriers should not be routinely denied 

HRT, particularly as many will have already experi-

enced years of untreated estrogen deficiency. It would 

be ideal to make such decisions after consulting with 

oncology colleagues. 

Oncology guidance also suggests that vaginal es-

trogen is contraindicated in women with a history 

of breast cancer, but this is based entirely on pre-

cautionary principles and with no direct evidence of 

harm. Indeed, as systemic absorption is negligible 

(73) and no impact on breast cancer-specific mortal-

ity has been identified (74), the SfE supports the use 

of vaginal estrogen in FH, where breast cancer has 

been treated with curative intent and there are sexual 

or urogenital symptoms; especially in women taking 

tamoxifen (rather than aromatase inhibitors) or hav-

ing ER-negative disease (1). 

In the context of migraine with aura, stroke, an-

gina, inherited procoagulant disorder, VTE (or strong 

family history thereof), obesity, type 2 diabetes, dys-

lipidemia, or cigarette smoking, oral estrogen and 

androgenic progestins are strongly discouraged, and 

transdermal estradiol with oral micronised proges-

terone, dydrogesterone or levonorgestrel IUS are 

instead recommended (1); if necessary, with the addi-

tion of long-term anticoagulation as per Hematologist 

advice. In relation to myocardial infarction, the SfE (1) 

suggests pausing HRT for 6 months if tolerated. This 

recommendation was based on the HERS study (75), 

albeit this was done with a prothrombotic HRT regi-

men based on CEE plus MPA. 

HRT treatment: doses, monitoring  
and timelines
There are no licensed HRT products specifically devel-

oped for younger women with FH. All standard HRT 

preparations, whether at low, intermediate or higher 

dose, were formulated as the lowest effective doses 

to achieve suppression of vasomotor symptoms in the 

majority of symptomatic postmenopausal women, and 

not to maintain long-term bone, muscle, sexual, uro-

genital, or cardiovascular health in younger women 

with FH over a period of up to four decades, and this 

is where registry data relating to transgender women 

can help fill gaps in our knowledge. All women of re-

productive age experiencing hypogonadism for six 

months or more should have a baseline assessment of 

BMD and identification of any additional risk factors 

for low bone mineral density, with the findings inform-

ing the frequency of any future DXA scans (1).
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HRT in postmenopausal women achieves effec-

tive fracture risk prevention even at standard doses, 

with the benefits comparable to those of bone-specific 

drugs, which cannot anyway be prescribed open-end-

edly due to diminishing benefit and greater side-effect 

profile beyond the authorized period. Therefore, ex-

cept under exceptional circumstances (and subject to 

adequate calcium and vitamin D intake), HRT is con-

sidered the only recommended treatment for the pre-

vention or treatment of osteoporosis and for fracture 

prevention in women with FH up to the normal age for 

menopause (1). Replacement can typically be contin-

ued to the normal menopausal age or beyond, depend-

ing on BMD and estrogen-deficiency symptoms and 

considering patient preference based on personalized 

counselling. Thereafter, bone management mirrors 

that in a woman who has reached the menopause at 

an expected age. However, women who experienced 

prolonged gaps in HRT are recommended to continue 

until the upper limit of normal age at menopause (55-

56 years), rather than the median age (51 years). 

 Some clinicians continue to recommend adjust-

ing HRT doses based on patient symptoms or BMD 

and discourage monitoring serum estradiol concen-

trations, and the International POI guidance broadly 

supports this position, albeit suggesting that target 

serum estradiol level 200-400 pmol/L might be ap-

propriate (2). In contrast, guidance for transgender 

women (76) mandates adjusting estradiol doses to 

achieve serum levels harmonized to the mid-follicular 

range for healthy young women (typically 300-600 

pmol/L). The latest International Turner syndrome 

guidance (3) also recommends adjusting the final HRT 

dose to achieve serum levels very similar to those of 

the general population (350-550 pmol/L). The SfE’s 

guideline committee concluded that there was cur-

rently insufficient evidence to recommend whether 

routine testing of serum estradiol versus non-test-

ing achieved better efficacy and safety outcomes in 

women with FH (1), but nevertheless identified cir-

cumstances in which measuring levels was likely to 

be beneficial, including the persistence of symptoms 

despite reasonable dose-adjustments, failure of BMD 

to improve on serial DXA scanning, or when adher-

ence was doubtful, and identified either 350-550 or 

300-600 pmol/L as being reasonable target ranges. 

However, compliance with treatment and correct use 

of medication should be ascertained prior to adjust-

ing the dose of estradiol. Evaluation of endometrial 

thickness might be needed to evaluate vaginal bleed-

ing, but should not be done on a routine basis (1). 

Adjusting the estradiol prescription to achieve these 

target ranges will require, however, doses that are 

50-100% higher than the highest “standard” meno-

pause HRT in around 50% of women (77). 

Table 1 provides an overview of various 17b-estra-

diol preparations along with their equivalent dosages. 

Adverse symptoms related to HRT typically re-

solve in the first three months of treatment and in-

clude bleeding, headaches, breast tenderness, nausea, 

Table 1. Estrogen presentations and adverse effects

Intake Presentation Adverse effects

Oral Tablets of 1 and 2 mg Weight gain, nausea, 
vomiting, breast 
tenderness, headache, 
increased risk of VTE 
and gallstones, higher 
TG, increased thyroid 
binding globulin.

Approximate 
equivalence to 
transdermal

1.5 mg/day

Monitoring method Bloods 4 hours post-dose

Transdermal Patch (mcg/day) Gel sachet (mg/day) Gel pump (0.75 mg/
actuation)

Spray (1.53 mg/
actuation)

Neutral effect on blood 
lipids, thyroid and blood 
clots.
May cause skin 
irritation. 

Approximate 
equivalences

75 mcg/24 h 1 mg/day 2 actuations 3 actuations

Monitoring method Blood after 48 hours and 
prior to new patch

Bloods 4-6 hours after application and no gel on the 
arms

Blood 2-8 hours 
post-application; avoid 
sample from application 
site
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fatigue and mood changes. It should be noted that the 

use of HRT does not increase the risk of breast cancer 

before the age of natural menopause (67). 

HRT protocols for induction of puberty
Females presenting with absent or incomplete pu-

berty require a highly specific therapeutic approach 

in order to achieve optimal breast and uterine devel-

opment according to genetic potential, using incre-

mental doses of estradiol monotherapy (rather than 

immediate full-dose estradiol + progestin hormone 

replacement – HRT) at the outset, and with the intro-

duction of a progestin to confer long-term endome-

trial protection potentially delayed until both of these 

parameters have plateaued at a satisfactory level. In 

any case, longitudinal evaluation of uterine develop-

ment through sonography provides reliable informa-

tion on endometrial thickness as well as the uterine 

configuration, dimensions and volume. Starting these 

patients too early on full dose combined HRT (or 

COC) results in a smaller final uterine volume and final 

breast development that may never surpass Tanner 

B3 (3,4,11,12,78).

Options for achieving parenthood
It is important to inform women that HRT does not 

serve as a method of contraception. While fertility is 

reduced in the vast majority of patients, it is crucial to 

discuss and prescribe contraceptive options for those 

wishing to avoid pregnancy and, if other options such 

as levonorgestrel IUS are not acceptable, an estradiol-

based COC could be used as an alternative to conven-

tional HRT.

Fertility restoration is significantly influenced by 

the underlying cause of hypogonadism. In cases of HA, 

a comprehensive approach that includes proper nutri-

tion, stress management, physical activity in modera-

tion, and psychological intervention, such as cognitive 

behavioral therapy, is often deemed most effective. 

While implementing lifestyle changes can be challeng-

ing, they are often the ideal course of action and may 

successfully restore fertility in these patients. If life-

style modifications are not achieved and a hypogonad-

al state persists for over 6 to 12 months, a discussion 

regarding HRT should be made. Although leptin has 

shown promise in restoring ovulation in certain wom-

en affected by HA (59) natural cycle monofollicular 

gonadotropin ovulation induction (GnOI) or pulsatile 

GnRH if available, is generally considered the primary 

treatment approach when behavioral strategies are 

unsuccessful (79), and is of course first line for women 

with organic central FH. Other things being equal, the 

cumulative likelihood of achieving pregnancy over the 

course of 3–6 cycles of GnRH parallels that of normal-

ly fertile couples, after which assisted reproduction 

techniques (ART) can be deployed. Crucially, a low 

AMH or antral follicle count in a woman with central 

FH should not be considered pathognomonic of a low 

ovarian reserve (rather as expected for unstimulated 

granulosa cells) and should not deter GnOI or ART. 

However, for women with panhypopituitarism and 

especially with vasopressin deficiency (a surrogate 

marker for oxytocin deficiency), the risk of pregnancy 

and labor are high, and thus specialist MDT oversight 

is required throughout pregnancy (80), much as for 

women with TS. 

 In TS (and other forms of POI), oocyte donation 

is usually necessary to achieve pregnancy. However, 

additional factors that may influence fertility or 

pregnancy outcome should always be investigated 

before proceeding to treatment, such as male sperm, 

tubal and uterine integrity and other external 

factors. In TS, no treatment should be offered until a 

comprehensive cardiovascular assessment has been 

undertaken, due to the heightened risk of aortic 

dissection in pregnancy (3). 

CLOSING REMARKS
In conclusion, a serum estradiol concentration per-

sistently < 200 pmol/L and/or FSH > 25 IU/L in the 

presence of amenorrhea and relevant clinical features 

is consistent with FH, even when another potential 

cause for amenorrhea is present or has been pro-

posed. HRT is recommended for all women with FH of 

premenopausal age, including those with a reversible 

cause, if they are experiencing sustained amenorrhea. 

Ascertaining the likely etiology of FH, especially dis-

tinguishing between central FH and POI, is critical to 

ensure appropriate investigation and management, 

including accurate exposition of fertility options. HRT 
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based on native 17β-estradiol should be prescribed in 

preference to synthetic or equine estrogens and, in 

women with a uterus, in combination with micronised 

progesterone, dydrogesterone or levonorgestrel IUS. 

HRT aims to provide physiological estrogen replace-

ment to young women with FH, and so significantly 

higher doses of estradiol may be required than are 

contained in standard preparations formulated for 

natural postmenopause, and with no arbitrary limits 

placed upon the duration of HRT up to the normal age 

range for menopause (Figure 1). 

There is no evidence that HRT increases risk of 

breast cancer (above being female) in young women 

with FH. Neither thrombotic risk factors (e.g., obesi-

ty, smoking, migraine aura) or events (stroke, angina, 

myocardial infarction), family history, nor genetic 

tumor predisposition (e.g., BRCA 1 and 2 mutations) 

should be reasons to deny HRT to a younger woman 

with FH, although HRT should ideally be paused for 6 

months following MI. However, in these circumstanc-

es, transdermal routes of estradiol administration 

should be used first-line. 

Guidelines are discordant as to whether serum es-

tradiol levels should (International Turner) or should 

not (International POI) be measured routinely as part 

of routine treatment monitoring, with the Society for 

Endocrinology unable to make a firm recommendation 

either way based on current evidence. However, 

if testing is done, then an estradiol concentration 

in the 350-550 pmol/L range as per Turner’s guid-

ance would appear reasonable. Levonorgestrel IUS 

or 17β-estradiol-based contraceptives are ideal for 

women with reversible FH wanting contraception. 

Women with FH should have an assessment of BMD 

and identification of any additional risk factors for 

low bone mineral density. GnOI is recommended as 

the first line fertility therapy for women with central 

forms of FH.

Statement of use of generative AI and AI-assisted technologies 
in the writing process: during the process of preparation of this 
article, the authors used Grammarly (https://www.grammarly.
com/) to review spelling, grammar. After using this tool/service, 
the authors then reviewed and edited the content as necessary 
and assume full responsibility for the content of the publication.
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Data availability: datasets related to this article will be 
available upon request to the corresponding author.

REFERENCES 
1.	 Jayasena CN, Devine K, Barber K, Comninos AN, Conway GS, Crown A, 

et al. Society for endocrinology guideline for understanding, diagnosing 
and treating female hypogonadism. Clin Endocrinol (Oxf). 2024 
Nov;101(5):409-42. doi: 10.1111/cen.15097.

2.	 ESHRE, ASRM, CREWHIRL and IMS Guideline Group on POI; Panay 
N, Anderson RA, Bennie A, Cedars M, Davies M, Ee C, et al. Evidence-
based guideline: premature ovarian insufficiency. Climacteric. 2024 
Dec;27(6):510-20. doi: 10.1080/13697137.2024.2423213. 

Figure 1. Suggested flowchart for investigation and management.
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