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Hypothalamic amenorrhoea is caused by decreased secretion 
of hypothalamic gonadotrophin-releasing hormone 
(GnRH), resulting in failure of pituitary gonadotrophin 
and gonadal steroid release.1 It is a cause of secondary 

amenorrhoea, characterised by cessation of previously regular menses 
for three months or previously irregular menses for six months.2 
Hypothalamic amenorrhoea accounts for about one-third of 
secondary amenorrhoea cases.3,4 Rarely, a structural lesion such as 
a hypothalamic or pituitary tumour may lead to hypothalamic 
amenorrhoea; in the absence of a structural cause, the condition is 

often referred to as functional hypothalamic amenorrhoea (FHA). 
This article focuses on FHA, a condition with a complex aetiology 
involving physiological and psychological triggers.5 

Pathophysiology of FHA 
FHA results in cessation of the menstrual cycle due to inadequate 
stimulation or suppression of the hypothalamic–pituitary–ovarian 
(HPO) axis.3 Pulsatility of both GnRH and luteinising hormone 
(LH) is essential for the normal menstrual cycle.3,6 GnRH pulsa-
tility is reduced in FHA, which in turn leads to reduced LH pulsatility 
and low oestrogen levels, resulting in anovulation and lack of 
menstruation.3,6 Three major subtypes of FHA – psychological stress, 
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Key points
•	Functional hypothalamic amenorrhoea is a common cause of 

secondary amenorrhoea that results from suppression of the 
hypothalamic–pituitary–ovarian axis due to relative energy 
deficiency.

•	Contributing factors include reduced nutritional intake, disordered 
or restrictive eating, excessive exercise and major psychological 
stress, which lead to disruption of normal menstrual function.

•	Diagnosis is usually made by taking a thorough history to identify 
contributing factors, supported by targeted investigations to 
exclude other causes of secondary amenorrhoea such as 
pregnancy, polycystic ovary syndrome and hyperprolactinaemia.

•	Women with functional hypothalamic amenorrhoea are at risk of 
osteopenia and osteoporosis, as well as potential 
cardiovascular, psychological and reproductive consequences.

•	Treatment aims to restore spontaneous menses through 
correction of the underlying cause and restoration of energy 
balance, using a multidisciplinary approach that addresses 
nutritional, exercise and psychological factors.
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Functional hypothalamic amenorrhoea is a common cause 
of secondary amenorrhoea, most often resulting from 
relative energy deficiency due to reduced nutritional intake, 
excessive exercise or major psychological stress. Diagnosis is 
made by taking a thorough history of potential risk factors, 
followed by targeted investigations to exclude other causes 
of amenorrhoea. Management focuses on restoring energy 
balance and menstrual function through nutritional, 
psychological and lifestyle interventions.
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disordered or restrictive eating, and excessive exercise – have been 
implicated in its pathophysiology. FHA associated with low energy 
is considered an adaptive response that prioritises vital physiological 
functions over reproduction.7

Low energy availability secondary to excessive exercise suppresses 
the HPO axis.8 Low energy availability is more prevalent in women 
participating in sports that emphasise aesthetics or leanness, such 
as dance and gymnastics.9,10 Weight restriction is achieved on the 
notion that it improves appearance and performance.9 The term 
Relative Energy Deficiency in Sport (RED-S) was introduced by 
the International Olympic Committee to describe a syndrome of 
deleterious health and performance outcomes in athletes exposed 
to low energy availability.11 A core component of RED-S is impaired 
reproductive function, including amenorrhoea. Recreational athletes 
who engage in exercise as a means to stay healthy may also be at 
risk of FHA, particularly if nutritional intake does not meet exercise 
demands.12 One study reported that for every one extra hour of 
exercise per week, the odds ratio of being at risk of developing low 
energy availability was 1.13 times greater.12 Both intensity and 
volume of exercise may contribute to the development of amenor-
rhoea or oligoamenorrhoea.13

Amenorrhoea associated with low energy from disordered eating 
is well recognised. Although anorexia nervosa is the most extreme 
example, FHA may also occur in women who maintain a normal 
body mass index.14 Energy intake below 30 kcal/kg of lean body mass 
disrupts LH pulsatility.15 Diets low in energy density, typically lower 
in carbohydrate and fat but higher in fibre, are common in both 
recreational and elite athletes.16,17

Psychological stress activates the hypothalamic–pituitary–adrenal 
axis, resulting in increased secretion of corticotrophin-releasing 
hormone (CRH) and cortisol levels.3 Increased CRH and glucocor-
ticoid levels inhibit the HPO axis at various levels.3,6 Glucocorticoids 
act directly on the hypothalamic GnRH neurons to suppress GnRH 
synthesis and secretion.6 Recent evidence also shows a role of kiss-
peptin in contributing to the pathophysiology.18,19 The kisspeptin/
neurokinin/dynorphin (KNDy) neurons of the arcuate in the hypo-
thalamus produce the protein kisspeptin, which directly stimulates 
synthesis and release of GnRH.18,19 Both CRH and glucocorticoid 
receptors are expressed on kisspeptin neurons, suggesting a link 
between the stress response and reproductive system.19 

Genetic susceptibility may also contribute to FHA. Rare variants 
in genes associated with idiopathic forms of hypogonadotrophic 
hypogonadism have been identified in women with FHA, possibly 
explaining the individual susceptibility of some women to developing 
abnormalities in the hypothalamic–pituitary–ovarian axis in 
response to physiological and psychological stressors.20,21  

Endocrine and metabolic abnormalities in FHA
Low energy availability is associated with various metabolic distur-
bances including decreased leptin and insulin levels, and increased 
adiponectin and ghrelin levels. Anorexigenic hormones such as 
leptin and insulin stimulate GnRH secretion, whereas orexigenic 

hormones inhibit it.3,8 Thus, in states of low energy availability, low 
levels of anorexigenic hormones and high levels of orexigenic hor-
mones result in decreased GnRH secretion.3,8 Leptin plays a key role 
in energy homeostasis by signalling energy availability.22 Women 
with FHA of normal weight have lower leptin levels than age-, 
weight- and body mass index-matched eumenorrhoeic counterparts,23 
and exogenous leptin administration may restore ovulatory cycles.24

In FHA, physiological stress such as malnutrition and negative 
energy balance activates the hypothalamic–pituitary–adrenal axis, 
resulting in higher cortisol levels compared with eumenorrhoeic 
women and athletes.25-29 Growth hormone levels are elevated in women 
with FHA and in those with anorexia nervosa, but insulin-like 
growth factor-1 levels are low, suggesting growth hormone resistance 
in the liver.30 Although thyroid-stimulating hormone levels are 
similar between menstruating women and those with FHA, lower 
levels of free thyroxine and triiodothyronine have been reported.26,31 
Similarly, triiodothyronine levels are lower in women with anorexia 
nervosa compared with normal-weight women.32

These hormonal adaptations reduce metabolic rate and energy 
expenditure in states of chronic low energy availability.  

Consequences of FHA
Many of the health consequences of FHA result from oestrogen 
deficiency. Suppression of the HPO axis in FHA, causing loss of 
oestrogen, affects skeletal, cardiac, psychological and reproductive 
health.33

Bone health
Oestrogen plays a crucial role in bone growth and maturation, as 
well as regulation of bone turnover.34 Oestrogen deficiency can lead 
to both increased bone resorption, through increased osteoclast 
activity, as well as suppressed bone production, through osteoblast 
apoptosis, leading to bone loss.12,13 Hypoestrogenism resulting from 
FHA, therefore, increases the risk of osteopenia and osteoporosis at 
a young age.13 Low bone density has been well described in women 
with anorexia nervosa and athletes with energy deficiency.35-37 Hyper-
cortisolaemia is also considered a contributing factor to bone loss in 
women with FHA.38

Cardiovascular health
A link between oestrogen deficiency and cardiovascular disease, as 
seen in premature ovarian insufficiency, is well documented.39,40 
Oestrogen plays a regulatory role at the vascular level, acting as a 
potent vasodilator in healthy blood vessels.33 It exerts a positive 
cardioprotective effect through its influence on endothelial, 
myocardial and vascular function, as well as on metabolic param-
eters.41 Oestrogen deficiency can lead to endothelial dysfunction, 
impaired nitric oxide bioactivity, activation of the renin–angiotensin 
system and adverse lipid profile changes.41 Limited evidence exists, 
however, on long-term outcomes in women specifically with hypo-
thalamic amenorrhoea. The Women’s Ischemia Syndrome Evaluation 
(WISE) study reported a greater prevalence of hypogonadotrophic 
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hypogonadism in women with angiographically documented cor-
onary artery disease, although the average duration of amenorrhoea 
in these women was unclear.42

Psychological and cognitive function
FHA has a bidirectional relationship with psychological stress; 
psychological stress can trigger FHA, and FHA can, in turn, nega-
tively affect cognitive and psychological wellbeing.3,33 Impaired 
cognitive function involving verbal memory and executive function 
has been associated with FHA; and higher depression scores, greater 
anxiety and increased difficulty coping with daily stress have been 
reported in women with FHA compared with healthy counter-
parts.5,43,44 Many of these effects are linked to low oestrogen levels.43 
Oestrogen facilitates higher cognitive functions by inducing spino-
genesis and synaptogenesis in multiple areas of the brain, including 
the prefrontal cortex and hippocampus.43 It also regulates synthesis 
and secretion of several neurotransmitters including dopamine and 
serotonin, which are involved in mood and emotion regulation.45 
Moreover, increased stress and associated cortisol elevations, which 
form part of the pathophysiology of FHA, may serve as a mediator 
of mood impairment.45 Therefore, hypoestrogenism and hypercor-
tisolaemia may act synergistically to promote neuropsychiatric 
symptoms.45 

Reproductive health 
FHA has both short- and long-term consequences for reproductive 
health.46 Without adequate oestrogen, the ovary is unable to stimulate 
follicles, nurture an ovum and release it from the ovary into the 
fallopian tube to complete fertilisation.33 As such, patients with FHA 
are often unable to conceive spontaneously. Although adequate 
treatment of FHA often restores fertility, long-lasting untreated FHA 
can have long-term reproductive health consequences. For girls 
affected by FHA during puberty, these can include dyschromic 
puberty and underdevelopment of secondary sex characteristics, 
whereas adult women affected by FHA can experience atrophic 
changes in the urogenital mucosa resulting in vaginal dryness and 
dyspareunia.41

Diagnosis and evaluation of FHA 
FHA is a diagnosis of exclusion, made once other organic and ana-
tomic causes of secondary amenorrhoea have been ruled out.3,47 
Taking a detailed medical history is essential to identify any underlying 
factors such as dietary habits, exercise patterns and stressors that may 
determine the likely aetiology.1 A history pertaining to the possibility 
of pregnancy or symptoms suggesting a prolactinoma, pituitary or 
intracranial tumour, thyroid dysfunction, polycystic ovary syndrome 
or other chronic health conditions helps to differentiate between the 
differential aetiologies of secondary amenorrhoea.2,47,48 Physical 
examination, including a gynaecological examination and exclusion 
of pregnancy, forms the initial steps in evaluating secondary amen-
orrhoea.2,47 The presence of lanugo hair may provide a clue to disor-
dered eating if not already apparent from history taking.

A recommended laboratory workup is outlined in the Box.48 In 
patients without signs of androgen excess, measuring follicle-stimulating 
hormone (FSH), LH, oestradiol, prolactin, thyroid-stimulating hormone 
and free thyroxine levels generally provides sufficient information 
to exclude most organic causes of secondary amenorrhoea, including 
hyperprolactinaemia, thyroid dysfunction and ovarian insufficiency.48 
Anti-Müllerian hormone may help distinguish polycystic ovary 
syndrome from FHA.

The pattern of hormone results can help differentiate between 
the different causes of secondary amenorrhoea. Women with FHA 
characteristically have low oestradiol levels with very low LH levels. 
FSH is less affected by the slowed GnRH pulse frequency and is 
usually normal.49 In contrast, women with polycystic ovary syndrome 
typically have a higher LH than FSH level. If both FSH and LH levels 
are very low, genetic causes that affect GnRH neuronal development 
or a structural lesion of the hypothalamus or pituitary should be 
considered. Common hormonal patterns seen in secondary amen-
orrhoea are summarised in the Table.    

Imaging of the brain and pituitary is not recommended if there 
is a clear explanation for amenorrhoea such as disordered eating, 
excessive exercise or rapid weight loss.48 Conversely, MRI  with pitu-
itary views and contrast is recommended if the history suggests a 
possible structural lesion of the hypothalamus or pituitary, such as 
with headaches, vomiting, new-onset thirst or polyuria. MRI should 
also be considered if laboratory investigations indicate other pituitary 
hormone abnormalities.48

For women with primary amenorrhoea, outflow tract abnormal-
ities of the reproductive organs should be initially excluded by 
imaging with a pelvic ultrasound. A pelvic ultrasound may also be 
useful if there is diagnostic uncertainty between FHA and other 
causes of amenorrhoea such as polycystic ovary syndrome. Women 
with FHA typically have a thin endometrial lining due to long-term 
low oestrogen exposure, with one study reporting a mean endometrial 
thickness of 1.5 mm or less.1,50

In adolescent girls  or women with a history of six or more months 
of amenorrhoea, baseline bone mineral density (BMD) measurement 
by a dual-energy x-ray absorptiometry is recommended to establish 
the risk and magnitude of bone mass compromise and guide and 

Suggested screening laboratory investigations in women 
with suspected functional hypothalamic amenorrhoea48

•	 Beta-human chorionic gonadotrophin level
•	 Complete blood count, chemistry panel, liver function test, 

erythrocyte sedimentation rate and C-reactive protein level
•	 Thyroid function tests (thyroid-stimulating hormone, free thyroxine), 

prolactin, luteinising hormone, follicle-stimulating hormone, 
oestradiol levels

•	 Total testosterone and dehydroepiandrosterone sulphate levels in 
women with clinical hyperandrogenism

•	 Morning 17-hydroxyprogesterone levels, if late-onset congenital 
adrenal hyperplasia suspected

Adapted from Gordon CM, et al. Functional hypothalamic amenorrhea: an Endocrine 
Society Clinical Practice Guideline. J Clin Endocrinol Metab 2017; 102: 1413-1439.48
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ongoing management.51 Dual-energy x-ray absorptiometry may be 
warranted earlier in patients with evidence of severe nutritional 
deficiency, significant energy deficit or skeletal fragility.48

Management of FHA 
The aim of treatment of FHA is to achieve a return to spontaneous 
menses by correcting the energy balance. Management requires a 
multidisciplinary approach, with accurate identification and treat-
ment of the underlying cause(s).1,3 Behavioural change is usually 
necessary to address the aetiology.  

Initial management should focus on lifestyle modification. 
Dietary intervention should aim to educate women about energy 
requirements balanced against energy expenditure. There is no 
specific amount of weight gain recommended, as there is likely to 
be inter-individual variation. In one study of adolescent girls with 
anorexia nervosa, a weight increase of 2.05 kg above the weight at 
which they became amenorrhoeic was associated with a return of 
menses.52 A weight of 90% of the ideal body weight was the average 
threshold for menstrual resumption.52

Cessation of exercise is unrealistic for professional athletes and 
challenging for women who exercise recreationally. Although there 
are no clear recommendations for reducing exercise in these women, 
some suggest introducing a rest day or reducing the intensity or 
volume of training.53

Psychological support should be considered to address any under-
lying stress and contributory behaviours. Cognitive behavioural 
therapy is effective in both restoring ovarian activity and improving 
neuroendocrine and metabolic function in adolescent girls and 
women with FHA.54,55

Hormone replacement therapy can be considered in adolescent 
girls and women with FHA who have not resumed menstruation 
after six to 12 months of nutritional, psychological and/or exercise 
modification.1-3,48 This is usually considered for those with a low 
BMD or evidence of skeletal fragility. Generally, short-term use of 
transdermal oestrogen therapy in combination with a cyclic oral 
progestogen is the recommended form of hormone replacement in 
adolescent girls and women with FHA. It has also been shown to 
improve bone density.48,56,57

The oral contraceptive pill (OCP) is not recommended for oestro
gen replacement and may mask the return of spontaneous menses.48 

The OCP has no significant benefit for bone health, possibly due to 
the down-regulatory effect of oral oestrogen on insulin-like growth 
factor-1, a mediator of bone growth and mineralisation.58-60 Further-
more, ethinyloestradiol (the most common oestrogen used in the 
OCP) is highly potent and suppresses GnRH and LH pulsatility 
through supraphysiological oestrogenic activity. In oligoamenorrhoeic 
athletes, 12 months of transdermal oestrogen has been shown to be 
superior to the OCP in improving BMD.59 Bisphosphonates, deno-
sumab, testosterone and leptin are not currently recommended for 
improving BMD in adolescent girls  and women with FHA.48

Women with FHA can experience escape ovulation; therefore, 
contraception is necessary for those who do not desire pregnancy.51 
Transdermal oestrogen with a progestogen does not provide con-
traception. For women with FHA who wish to conceive, fertility 
treatment should not be initiated until underlying energy deficits 
are addressed and a body mass index of at least 18.5 kg/m2 is achieved 
to minimise adverse obstetric and neonatal outcomes.1,48 

Conclusion
FHA is a common cause of secondary amenorrhoea, usually resulting 
from relative energy deficiency due to reduced nutritional intake, 
increased exercise or energy expenditure, or major psychological stress.

The most important pathway to diagnosis is to take a thorough 
history of potential risk factors for FHA, followed by targeted inves-
tigations to exclude other causes of amenorrhoea, such as pregnancy, 
polycystic ovary syndrome, hyperprolactinaemia, pituitary or other 
sellar tumours and premature ovarian insufficiency. Management 
is directed towards restoring energy balance and addressing psy-
chological factors contributing to energy deficiency and stress, ideally 
with multidisciplinary input from other healthcare professionals, 
including psychologists and dietitians. Oestrogen and progestogen 
replacement should not be initiated immediately but may be appro-
priate for women who are delayed in achieving their nutritional 
goals. Ultimately, 70 to 80% of women with FHA will recover and 
achieve spontaneous menses.�   ET
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Table. Laboratory findings in forms of secondary amenorrhoea

FHA PCOS Ovarian insufficiency Hyperprolactinaemia

Follicle-stimulating hormone Low-normal Normal High Low

Luteinising hormone Low Normal-high High Low

Oestradiol Low Low-low normal Low Low

Prolactin Normal Normal Normal High

Testosterone Normal Normal-high Low-normal Normal

Abbreviations: FHA = functional hypothalamic amenorrhoea; PCOS = polycystic ovary syndrome.
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