
Premature ovarian insu!ciency (POI) is the loss of ovarian 
function before 40 years of age, typically presenting with 
primary or secondary amenorrhoea or infertility. It is 
diagnosed by an elevated follicle-stimulating hormone 

(FSH) level in the menopausal range on two occasions at least four 
to six weeks apart in a woman under 40 years of age, a"er more than 

four months of amenorrhoea or menstrual irregularity. #e Inter-
national Menopause Society guidelines suggest using an FSH level 
of above 40 IU/L to de$ne the menopausal range, whereas recent 
guidelines from the European Society of Human Reproduction and 
Embryology  recommend an FSH level above 25 IU/L.1,2 POI a%ects 
3 to 4% of women worldwide and can be broadly classi$ed into 
spontaneous and  iatrogenic categories (Box 1).3,4

Women with POI experience multiple physical and psychological 
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Women with premature ovarian insu!ciency (POI)  
have poor bone health and increased susceptibility to  
fractures due to a combination of oestrogen de"ciency and  
the presence of POI-associated risk factors. #orough  
evaluation and management of bone health are necessary  
to achieve better skeletal outcomes in these women.
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consequences, including reproductive manifestations, compromised 
musculoskeletal health, increased cardiometabolic risk and 
 neurocognitive decline. Importantly, bone loss is the most feared 
complication in women with POI.5 #e reported prevalence of 
osteoporosis in women with POI is between 8 and 15%, and fracture 
risk is increased up to 1.5 times compared with age-matched pre-
menopausal women.6-9 #is article focuses on the assessment and 
management of bone health in women with POI. 

Diagnosis of osteoporosis
Osteoporosis is characterised by low bone mass or impaired bone 
quality, leading to an increased risk of fracture. It is routinely 
 diagnosed using dual-energy x-ray absorptiometry (DXA)-derived 
measures of bone mineral density (BMD) in postmenopausal  women 
and men aged over 50 years. Osteoporosis is diagnosed by a BMD 
that is 2.5 standard deviations or more below that of a young adult 
population (T-score ≤–2.5), and osteopenia is de$ned by a T-score 
between –2.5 and –1.0.

In younger adults, ambiguity exists regarding the de$nition of 
osteoporosis based on BMD. According to the International Society 
of Clinical Densitometry, low bone mass in premenopausal women 
is de$ned by an age- and sex- matched BMD Z-score of less than 
–2.0.10 Other expert groups recommend using a BMD T-score of 
–2.5 or less to diagnose osteoporosis in women under 50 years of 
age with chronic disorders known to a%ect bone metabolism, such 
as POI.11 

Risk factors for osteoporosis in women with POI
Oestrogen plays a crucial role in de$ning overall bone structure 
directly by a%ecting di%erentiation, proliferation and activities 
of various bone cells (Figure 1) and indirectly through its e%ects 
on muscle health, leading to an overall increase in bone formation 
and suppression of bone resorption.12 Women with POI have 
compromised muscle structure and function because of oestrogen 
de$ciency and factors speci$c to the underlying cause of POI 
(such as radiotherapy, glucocorticoid use, nutritional de$ciencies), 

Key points
• Comprehensive screening and evaluation of bone health  

should be performed at the diagnosis of premature ovarian 
insufficiency (POI). 

• Multiple mechanisms contribute to skeletal fragility in  
women with POI. These include oestrogen deficiency, 
compromised muscle health and presence of  
POI-associated risk factors.  

• Management of bone health requires a multimodal 
approach, including provision of information, 
nonpharmacological interventions and use of hormone 
replacement therapy (HRT) (in the absence of 
contraindications).

• HRT with oestrogen (and progestogen in women with an 
intact uterus) should be initiated at the diagnosis of POI 
unless contraindicated (e.g. in women with hormone-
sensitive cancers) and continued until the average age of 
menopause to maximise bone health, alleviate menopausal 
symptoms and prevent long-term sequelae, such as 
cardiovascular disease and cognitive impairment.

• Women with POI should be referred to a specialist if they 
require pubertal induction, HRT is contraindicated or they 
have a history of thrombophilia.
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causing  defective  muscle-bone interaction and mechanical loading 
leading to bone loss.12,13 Additionally, oestrogen is crucial in bone 
mass accrual during pubertal development, and hence bone loss 
can be more pronounced in women with an early age of POI onset 
(puberty or adolescence) because of insu!cient peak bone mass 
accrual. In adult women with POI, premature bone loss caused 
by accelerated bone resorption may be the primary mechanism 
for low BMD.

Moreover, autoimmune conditions commonly associated with 
POI, such as coeliac disease, in(ammatory bowel disease, Addison’s 
disease, type 1 diabetes mellitus and thyroid disorders, as well as 
chemotherapy- and radiotherapy-associated toxic e%ects on bone, 
can have additional detrimental effects on skeletal health 
(Figure 2). 

In summary, hypoestrogenism is the major risk factor for low 
bone mass and susceptibility to fractures in women with POI 
because of decreased bone accrual, failure to attain peak bone 
mass as well as increased bone loss, leading to an overall decline 
in bone health. However, other POI-associated risk factors and 
traditional osteoporosis risk factors may also contribute to 
bone loss.

Assessment of bone health
Bone health should be assessed at the diagnosis of POI and then 
monitored during follow up. A detailed clinical assessment is 
 required, followed by investigations such as dual-energy x-ray absorp-
tiometry (DXA) and blood and urine biochemistry (Flowchart).14 
Fracture risk assessment tools, such as FRAX that helps determine 
an individual’s 10-year probability of hip or other major osteoporotic 
fracture (lumbar spine, humerus or wrist), are not  validated for use 
in women under 40 years of age. 

History and examination
Detailed clinical history taking and physical examination should 
be  performed in women with POI, taking into consideration 
 POI- associated risk factors for low bone density, as well as traditional 
risk factors for osteoporosis (see Flowchart).

Pathology tests
Bone-speci$c pathology tests, including serum biochemistry tests, 
measurement of calcium, phosphate and 25-hydroxyvitamin D 

Figure 1. The effects of oestrogen on bone cells. Oestrogen protects 
against bone loss by restraining the rate of bone remodelling by inhibiting 
birth and differentiation of osteoclast and osteoblast progenitors, and by 
promoting maintenance of bone formation through its proapoptotic effect 
on osteoclasts and antiapoptotic effect on osteoblasts and osteocytes. 
Arrowheads = stimulatory effects; bars = inhibitory effects.
Reproduced with permission from Nguyen HH, Milat F, Vincent AJ. Climacteric 2021; 24:  
481-490.12
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1. Causes and associations of premature ovarian 
insufficiency (POI)

Spontaneous POI 
• Idiopathic – most common cause of spontaneous POI 
• Genetic causes (10% of cases of POI) 

–  Turner syndrome (45XO): most common genetic cause 
–  fragile X pre-mutation (FMR1) 
–  other: FOXL2, NR5A1, BMP15, FSHR, Gs alpha genes 

• Autoimmune association (20% of cases of POI) 
–  Addison’s disease 
–  autoimmune polyendocrine syndromes 1 and 2 
–  autoimmune hypothyroidism 
–  other autoimmune conditions: coeliac disease, type 1 diabetes 

mellitus, myasthenia gravis, systemic lupus erythematosus, 
thrombocytopenic purpura, vitiligo, alopecia, pernicious anaemia, 
rheumatoid arthritis, Crohn’s disease, Sjögren’s syndrome, 
primary biliary cirrhosis 

• Inborn error of metabolism (rare causes of POI) 
–  galactosaemia 

• Infectious causes 
–  mumps oophoritis 
–  associated infectious conditions: HIV infection, tuberculosis, 

malaria, shigellosis, herpes zoster, cytomegalovirus 
• Environmental associations 

–  smoking: associated with earlier onset of menopause 

Iatrogenic POI 
• Chemotherapy – particularly use of alkylating agents and 

dependent on cumulative dose 
• Radiotherapy – dependent on cumulative dose and field of 

exposure 
• Bilateral oophorectomy 
• Other pelvic surgery has been associated with early age of 

menopause or reduced ovarian reserve 
–  single oophorectomy, hysterectomy, uterine artery emolisation, 

bilateral ovarian surgery for cysts or endometriosis 

Reproduced with permission from Nguyen HH, Milat F, Vincent A.  Aust Fam Physician 
2017; 46: 360-366.4
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 levels, and liver and renal function tests, should be performed at the 
initial assessment of women with POI. If there is evidence of a low 
bone density or history of fractures, consider further biochemical 
evaluation for other secondary causes of osteoporosis in young 
adults, such as hyperparathyroidism, coeliac disease and thyroid 
 disorders (Flowchart). Measurement of bone turnover markers, such 
as C-terminal telopeptide of type 1 collagen and procollagen type I 
N-propeptide, may be useful in monitoring drug response and 
adherence to osteo porosis therapies.

Imaging
DXA-derived BMD remains the gold standard for assessing skeletal 
strength and is widely available, noninvasive and inexpensive. An 
initial DXA scan is indicated at the initial diagnosis of POI and, if 
osteoporosis or low bone mass is diagnosed, a repeat DXA scan at 
two to $ve years should be considered. 

Although DXA-derived BMD strongly correlates with the risk 
of fracture in older populations, it has limitations in younger women 
with POI. In women with short stature, delayed bone age or smaller 
bone size, such as Turner syndrome (the most common genetic cause 
of POI), DXA underestimates BMD. Moreover, BMD only partly 
explains skeletal fragility, as a substantial proportion of patients 
experience fracture despite a normal BMD. Compromised bone 
microarchitecture can lead to skeletal fragility but is not assessed by 
routine DXA scans.

Advanced techniques to assess bone strength, geometry and 

microarchitecture, such as trabecular bone score, advanced hip 
analysis, peripheral quantitative CT, high- resolution peripheral 
quantitative CT and  quantitative ultrasound, are currently being 
investigated. A recent study found that a low trabecular bone score 
was more common in women with POI than in healthy premeno-
pausal women.15 #ese emerging techniques may be useful adjunctive 
tools in the assessment of fracture risk; however, they require further 
validation, and DXA remains the gold standard imaging tool for 
investigating osteoporosis.

In case of any bony tenderness or back pain, further evaluation 
with spinal x-rays to exclude fractures should be performed.

Management
Management of bone health encompasses nonpharmacological 
measures, pharmacological interventions and treatment of 
 comorbidities that may a%ect bone health (Flowchart).14,16 How ever, 
a  formal appraisal of guidelines for bone health showed variable 
 quality and recommendations and a variable consensus on the 
optimal hormone replacement therapy (HRT) regimen and DXA 
screening and monitoring.14 Providing   information to women is 
an integral part of management (Box 2); lack of knowledge on bone 
health is associated with sub optimal health-related behaviours.17

Nonpharmacological measures
Routine lifestyle measures to maintain adequate nutrition, a healthy 
body mass index, calcium intake and vitamin D status and 

Figure 2. Mechanisms of skeletal fragility in premature ovarian insufficiency (POI).
Abbreviations: BMD = bone mineral density; IBD = inflammatory bowel disease.
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Abbreviations: BMD = bone mineral density; CMP = calcium, magnesium, phosphate; COCP = combined oral contraceptive pill; DXA = dual-energy x-ray absorptiometry; FRAX = fracture risk 
assessment tool; HRT = hormone replacement therapy; LFT = liver function tests; MGUS = monoclonal gammopathy of undetermined significance; PTH = parathyroid hormone;  
TSH = thyroid stimulating hormone; UEC = urea, electrolytes, creatinine.
* FRAX risk calculator is not validated for use in women <40 years.
Modified from: Kiriakova V, Somarajah G, Milat F, et al. Maturitas 2019; 128: 70-80.14   

Woman is diagnosed with POI

MANAGEMENT ALGORITHM FOR BONE HEALTH IN WOMEN WITH PREMATURE OVARIAN INSUFFICIENCY (POI)14

Initial bone health evaluation
History and examination

Pathology and imaging

Management

Ongoing monitoring

Potential risk factors for low BMD in 
women with POI 
• Primary amenorrhoea
• Longer duration of POI
• >1 year delay in diagnosis
• Age <20 years at onset of irregular 

menses
• Childhood cancer survivors with 

hypogonadism and:
– hypothyroidism and growth 

hormone deficiency
– previous treatment with 

chemotherapy, glucocorticoids 
(higher cumulative dose)

– cranial irradiation
– Caucasian ethnicity

Maintain healthy lifestyle
• Weight-bearing exercise
• Avoidance of smoking
• Maintenance of normal  

body weight
• Balanced diet containing  

the recommended intake of 
calcium and vitamin D – 
dietary supplements may be 
required if inadequate intake

• Avoid excess alcohol

Diseases associated with low BMD ± POI 
• Rheumatoid arthritis
• Hyperthyroidism
• Hyperparathyroidism
• Chronic kidney disease
• Coeliac disease or malabsorption
• Diabetes mellitus
• Myeloma or MGUS
• Bone marrow/organ transplant
• HIV infection
• Depression
Medications associated with low BMD
• Glucocorticoids
• Excess thyroid hormone replacement
• Aromatase inhibitors

Antiresorptive therapy
• Other pharma cological 

treatments, including 
bisphos phonates, 
should only be 
considered with advice 
from an osteoporosis 
specialist

Education
• Provision of information

Specialist referral
• A decrease in BMD on subsequent scans (bone loss >5% or  

>0.05 g/cm2) should prompt review of oestrogen replacement therapy 
and other potential factors. Review by an osteoporosis specialist may 
be appropriate

• Development of a fragility fracture should prompt referral of the 
patient to an osteoporosis specialist

Subsequent assessment of bone health
• If BMD is normal and adequate systemic oestrogen 

replacement is commenced, the value of repeated DXA scan 
is low

• If a diagnosis of low bone mass is made and oestrogen 
replacement or other therapy initiated, repeat DXA in 2 to  
5 years

General risk factors for low BMD* 
Nonmodifiable
• Age
• Prior fragility fracture
• Family history of osteoporosis
• Parental history of fracture
Modifiable and lifestyle
• Height loss >3 cm
• Multiple falls
• Low physical activity or immobility
• Low body weight (body mass index <18 kg/m2)
• Low muscle mass and strength
• Poor balance
• Vitamin D insufficiency
• Protein or calcium undernutrition
• Smoking
• Alcohol >2 standard drinks/day

Hormone replacement therapy
• Offer oestrogen replacement therapy to all women diagnosed with POI 

unless contraindicated
• Both HRT and COCP are appropriate but COCP has less favourable 

effects on bone protection. HRT containing 17 beta-oestradiol, also 
known as estradiol, is preferred for oestrogen replacement

• Give combined treatment with progesterone to women with intact uterus.
• Consider patient preference for route and method of administration as 

well as contraceptive needs
• Continue HRT until at least the time of anticipated natural menopause 

(about 50 years of age), then reassess

Imaging
• DXA: indicated at initial diagnosis for all women with POI. A Z-score 

<–2 defines low bone mass and T-scores ≤–2.5 may be used to 
define osteoporosis2,11

• Plain imaging: lateral radiographs of lumbar and thoracic spine or 
DXA-based vertebral fracture assessment  should be considered on 
an individual basis particularly if there are concerns about height 
loss, back pain, chronic diseases associated with low BMD and 
current or past glucocorticoid use

Blood and urine tests
• Measurement of UEC, CMP, TSH and 25-hydroxyvitamin D levels 

and LFTs
• Bone turnover markers: not currently recommended for  

routine use
• If reduced bone mass is present, also consider the following: 

measurement of serum PTH levels, coeliac serology, serum 
electrophoresis and measurement of 24-hour urine calcium 
excretion
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high-intensity progressive resistance training should be adopted to 
optimise bone health. Women should be counselled on smoking 
cessation and avoiding excess alcohol. Furthermore, coexisting 
causes of  secondary osteoporosis should be diagnosed and appro-
priately managed as ongoing disease activity contributes to ongoing 
bone loss or  inadequate treatment responses.18 

Pharmacological interventions
HRT with oestrogen (with added progestogen in women with an intact 
uterus) should be initiated at the time of POI diagnosis unless 
contraindicated (e.g. in  women with hormone-sensitive cancers) 
and continued until the average age of menopause.2 #is not only 
improves skeletal outcomes but also helps alleviate menopausal 
symptoms, prevents long-term  sequelae, such as cardiovascular 
disease and cognitive impairment, and is required for pubertal 
induction.19

#e use of HRT has been shown to maintain or increase lumbar 
spine, femoral neck and hip BMD compared with placebo; however, 
the optimal dose and formulation is still debated.20 A recent obser-
vational study showed an increase in spine BMD in women with 
POI taking continuous combined oral contraceptive pills (COCPs) 
or high-dose HRT; the BMD response in the low-dose HRT or no 
therapy groups were inferior to the former two groups in the study.21 
#ese $ndings were corroborated in a systematic review and suggest 
that continuous COCP or HRT containing at least 2 mg oral estradiol 
are required for bone health, whereas  low-dose HRT, cyclical COCPs 
or no treatment are associated with unfavourable bone outcomes.22 
Additionally, the cause of POI also impacts BMD response to 
HRT. Bisphosphonate therapy is more e%ective than HRT for 
women  with iatrogenic POI following  allogeneic stem cell 
transplantation.23 

Nevertheless, when selecting HRT, an individual’s preference 
should be considered to ensure compliance, as nonadherence to 
HRT can compromise bone health. Transdermal HRT is preferred 
in women with risk factors for venous thromboembolism or stroke, 
as oral HRT preparations have a higher risk of hypercoagulability 
than transdermal preparations because of hepatic $rst-pass e%ects, 
which cause altered production of hepatic coagulation proteins.24 
Continuous COCP may be noninferior to traditional HRT regimens 
and may be preferred by women with POI, as this provides a more 
‘peer similar’ and socially acceptable option. 

Spontaneous ovulation and conception can occur in 5% of 
women with POI;25 therefore, appropriate contraceptive options 
should be discussed with women not desiring pregnancy. Trans-
dermal  oestrogen combined with the levonorgestrel intrauterine 
device is a useful regimen providing contraception, symptom 
management and  prevention of long-term sequelae of hypo-
estrogenism. Continuous or long cycles of COCP can be prescribed 
to prevent periods of symptomatic oestrogen deprivation. Women 
considering pregnancy should be informed regarding possible 
bone loss during pregnancy and breastfeeding, and the importance 
of maintaining healthy nutrition and exercise.

Specialist management is recommended for women with POI 
who require pubertal induction, in whom HRT is contraindicated 
or who have a history of thrombophilia. Additionally, the use of 
HRT is controversial in women with iatrogenic POI in the context 
of risk- reducing bilateral salpingo-oophorectomy for BRCA1 
mutation and in the absence of breast cancer. Limited data suggest 
that oestrogen-only HRT does not increase the risk of breast 
 cancer.26,27 Women with low bone mass, osteoporosis or evidence 
of signi$cant declines in bone mass on serial DXA scans should 
be referred to an osteoporosis specialist for consideration of 
other osteoporosis-speci$c pharmacological therapies such as 
bis phosphonates. Limited literature exists on the clinical use of 
denosumab, raloxifene and tibolone in this group of women, 
whereas anabolic agents such as romosozumab and teriparatide 
have not been trialled in women with POI.  Teriparatide has been 
shown to be e!cacious in young premenopausal women with 
idiopathic osteoporosis, medication-induced  amenorrhoea, 
 anorexia nervosa, pregnancy, lactation-associated osteoporosis 
and glucocorticoid-induced osteoporosis, and may prove useful 
in women with POI.28-32

#e desire for future pregnancy must be considered in women 
in whom osteoporosis-speci$c treatment is indicated. Although 
the chance of spontaneous pregnancy in women with POI is low, 
many will achieve pregnancy with a donor egg and, thus, the 
potential impact of bone-speci$c therapies needs to be recognised. 
Safety data in humans for bisphosphonates are limited, and 
 nonexistent for teriparatide and denosumab. Bisphosphonates 
accumulate in the maternal skeleton, cross the placenta, accumulate 
in the fetal skeleton and cause toxic e%ects in pregnant rats, hence 
should be used with caution in women planning pregnancy.33-35 
An oral bisphosphonate such as risedronate may be preferable 
over an intravenous bisphosphonate or alendronate due to its 
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2. Online resources on premature ovarian insufficiency

Resources for clinicians

• Spontaneous premature ovarian insufficiency 
www.menopause.org.au/hp/information-sheets/spontaneous-
premature-ovarian-insufficiency

• Early menopause due to chemotherapy and radiotherapy 
www.menopause.org.au/hp/information-sheets/early-menopause-
due-to-chemotherapy-radiotherapy

• Premature ovarian insufficiency: an International Menopause 
Society White Paper 
www.imsociety.org/statements/position-papers-and-consensus-
statements/ 

Resource for consumers

• Ask Early Menopause 
www.askearlymenopause.org and a free App ‘AskEarlyMenopause’ 
that includes bone health information
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shorter half-life in women with osteoporosis and high fracture 
risk who are intending pregnancy. However, it is recommended 
to withdraw bisphosphonate therapy for at least 12 months before 
pregnancy/conception.24 Specialist review by a physician with 
expertise in osteoporosis is recommended for these women. 
Denosumab and teriparatide are not recommended for use in 
pregnant women, as adverse events have been observed in animal 
studies.

A management algorithm for bone health in women with POI 
is outlined in the Flowchart. #e case studies discuss speci$c 
 management of bone health in women with POI (Box 3 and 
Box 4).36,37

Conclusion
Poor bone health is common in women with POI, with loss of 
 oestrogen a major risk factor for fragility, fractures, morbidity and 
mortality. Management to prevent premature and accelerated bone 
loss involves careful evaluation, optimisation of risk factors, regular 
surveillance of bone health, timely initiation of HRT (if not 
 contraindicated) or antiresorptive drugs and provision of informa-
tion. Future studies are needed to evaluate modern diagnostic 
techniques for assessment of bone health and determine the optimal 
HRT regimen to preserve bone health. ET
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3. A case of spontaneous premature ovarian insufficiency

Case scenario
Natalie is a 19-year-old woman who was diagnosed with 
spontaneous premature ovarian insufficiency (POI) at 17 years of 
age, in the context of delayed puberty and primary amenorrhoea.  
Her follicle-stimulating hormone levels were elevated on two 
occasions at 32.5 U/L, her oestradiol level was low at 18 pmol/L 
and total and free testosterone levels were normal. A POI screen 
showed normal karyotype, negative FMR mutation testing, negative 
coeliac serology and adrenal antibody screen, and normal renal, liver 
and thyroid function. Her initial dual energy x-ray absorptiometry 
(DXA) scan showed a lumbar spine and hip bone mineral density 
(BMD) Z-scores of –2.4 and +0.6, respectively, consistent with low 
bone mass at the spine.

Management
She was referred to an endocrine specialist for pubertal induction.  
As recommended, she was initially started on low-dose oestrogen  
to mimic natural puberty and avoid potential side effects  
(e.g. nausea, mastalgia) with a higher oestrogen dose. The 
oestrogen dose was gradually increased to 2 mg daily to ensure 
adequate breast and uterine development and optimal bone mass 
accrual. Cyclical norethisterone was added two years later. After  
two years of combined cyclical hormone replacement therapy,  
her BMD improved 6.3% at the spine with a Z-score of –2.0 and her 
hip BMD remained stable. 

The timely initiation of hormone replacement therapy in this case 
facilitated the late peak bone mass accrual, as reflected in the 
improvement in BMD.

4. A case of iatrogenic premature ovarian insufficiency

Case scenario
Kathleen is a 33-year-old woman who had iatrogenic premature 
ovarian insufficiency (POI) in the setting of hormone-sensitive 
breast cancer treated with wide local excision, radiotherapy, 
chemotherapy and endocrine therapy with exemestane and 
goserelin. She had minimal vasomotor symptoms; however, the 
initial dual-energy x-ray absorptiometry (DXA) scan showed spine 
bone mineral density (BMD) T-score and Z-score of –1.7 and  
–1.2, respectively. Left hip BMD T-score and Z-score were –0.3 and 
+0.2, respectively.

Initial laboratory investigations showed elevated bone turnover 
activity (alkaline phosphatase level 178 U/L) and normal 
25-hydroxyvitamin D (84 nmol/L), calcium and phosphate levels. 
Urine biochemistry testing showed mild hypercalciuria at 
9.28 mmol/day. 

Management
Hormone replacement therapy (HRT) was contraindicated in the 
setting of hormone-sensitive malignancy. She was started on 
hydrochlorothiazide to minimise hypercalciuria, and advised to 
optimise dietary calcium and vitamin D levels and engage in regular 
exercise. However, a DXA scan 12 months later showed significant 
reduction in spine BMD of 7.3%, with a T-score and Z-score of  
–2.6 and 2.1, respectively.

Because of bone loss in the context of ovarian suppression 
therapy (aromatase inhibitor), she was started on zoledronic acid 
infusions under the care of her endocrinologist. Repeat DXA showed 
a 7.7% improvement in spine BMD and stable left hip BMD. 

Screening and treatment of modifiable risk factors, in conjunction 
with close bone health monitoring and prompt initiation of 
antiresorptive treatment, are necessary for women with POI and 
contraindications to HRT to prevent adverse skeletal outcomes.

Aromatase inhibitors are perilous for bone health in 
premenopausal women and their use results in significant BMD  
loss and deterioration of cortical and trabecular microstructure.36 
Specific osteoporosis guidelines are available and specialist input is 
recommended for women receiving aromatase inhibitors.37

Don’t miss

Don’t miss our article on current technologies for type 1 
diabetes on page 23.

EndocrinologyToday  FEBRUARY 2023, VOLUME 12, NUMBER 1    12 

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2023. https://endocrinologytoday.com.au/et/february-2023



ENDOCRINOLOGY TODAY 2023; 12(1): 6-12

Bone health in women with  
premature ovarian insufficiency

NAVIRA SAMAD MB BS, FRACP; AMANDA J. VINCENT MB BS, BMedSci, PhD, FRACP 
FRANCES MILAT MB BS(Hons), FRACP, MD; HANH H. NGUYEN MB BS, BMedSci, FRACP, PhD 

References
1. Baber R. Long term consequences of early ovarian failure. Climacteric 2011; 
14(Suppl 1): 27.
2. Webber L, Davies M, Liao L, et al. ESHRE guideline: management of women with 
premature ovarian insufficiency. Hum Reprod 2016; 31: 926-937.
3. Golezar S, Ramezani Tehrani F, Khazaei S, Ebadi A, Keshavarz Z. The global 
prevalence of primary ovarian insufficiency and early menopause: a meta-analysis. 
Climacteric 2019; 22: 403-411.
4. Nguyen HH, Milat F, Vincent A. Premature ovarian insufficiency in general 
practice: meeting the needs of women. Aust Fam Physician 2017; 46: 360-366
5. Deeks AA, Gibson-Helm M, Teede H, Vincent A. Premature menopause: a com-
prehensive understanding of psychosocial aspects. Climacteric 2011; 14: 565-572.
6. Bachelot A, Nicolas C, Gricourt S, et al. Poor compliance to hormone therapy 
and decreased bone mineral density in women with premature ovarian insufficiency. 
PLoS One 2016; 11: e0164638.
7. Popat VB, Calis KA, Vanderhoof VH, et al. Bone mineral density in estrogen-
deficient young women. J Clin Endocrinol Metab 2009; 94: 2277-2283.
8. van Der Voort DJ, van Der Weijer PH, Barentsen R. Early menopause: increased 
fracture risk at older age. Osteoporos Int 2003; 14: 525-530.
9. Anagnostis P, Siolos P, Gkekas NK, et al. Association between age at 
menopause and fracture risk: a systematic review and meta-analysis. Endocrine 
2019; 63: 213-224.
10. Shuhart CR, Yeap SS, Anderson PA, et al. Executive summary of the 2019 ISCD 
Position development conference on monitoring treatment, DXA cross-calibration 
and least significant change, spinal cord injury, peri-prosthetic and orthopedic bone 
health, transgender medicine, and pediatrics. J Clin Densitom 2019; 22: 453-471.
11. Ferrari S, Bianchi ML, Eisman JA, et al. Osteoporosis in young adults: patho-
physiology, diagnosis, and management. Osteoporos Int 2012; 23: 2735-2748.
12. Nguyen HH, Milat F, Vincent AJ. New insights into the diagnosis and 
management of bone health in premature ovarian insufficiency. Climacteric 2021; 
24: 481-490.
13. Samad N, Nguyen HH, Scott D, Ebeling PR, Milat F. Musculoskeletal health in 
premature ovarian insufficiency. Part one: muscle. Semin Reprod Med 2020; 38: 
277-288.
14. Kiriakova V, Somarajah G, Milat F, Cooray SD, Yeganeh L, Vincent AJ. 
Management of bone health in women with premature ovarian insufficiency: 
systematic appraisal of clinical practice guidelines and algorithm development. 
Maturitas 2019; 128: 70-80.
15. Samad N, Nguyen HH, Hashimura H, et al. Abnormal trabecular bone score, 
lower bone mineral density and lean mass in young women with premature ovarian 
insufficiency are prevented by oestrogen replacement. Front Endocrinol 2022; 13: 
860853.
16. Nguyen H, Strauss BJ, Ebeling PR, Wong P, Milat F, Vincent A. Delay in oestrogen 
commencement is associated with lower spine and hip bone mineral density in 
turner syndrome. Endocr Rev 2016; 37(2 Suppl 1).
17. Goh M, Nguyen HH, Khan NN, Milat F, Boyle JA, Vincent AJ. Identifying and 
addressing osteoporosis knowledge gaps in women with premature ovarian 
insufficiency and early menopause: a mixed-methods study. Clin Endocrinol 2019; 
91: 498-507.
18. Ebeling PR, Nguyen HH, Aleksova J, Vincent AJ, Wong P, Milat F. Secondary 
osteoporosis. Endocr Rev 2022; 43: 240-313. 
19. Webber L, Anderson RA, Davies M, Janse F, Vermeulen N. HRT for women with 
premature ovarian insufficiency: a comprehensive review. Hum Reprod Open 2017; 
2017: hox007.

20. Burgos N, Cintron D, Latortue-Albino P, et al. Estrogen-based hormone therapy 
in women with primary ovarian insufficiency: a systematic review. Endocrine 2017; 
58: 413-425.
21. Gazarra LBC, Bonacordi CL, Yela DA, Benetti-Pinto CL. Bone mass in women 
with premature ovarian insufficiency: a comparative study between hormone 
therapy and combined oral contraceptives. Menopause 2020; 27: 1110-1116.
22. Fine A, Busza A, Allen LM, et al. Comparing estrogen-based hormonal contra-
ceptives and hormone therapy on bone mineral density in women with premature 
ovarian insufficiency: a systematic review. Menopause 2022; 29: 351-359.
23. Tauchmanovà L, Colao A, Lombardi G, Rotoli B, Selleri C. Bone loss and its 
management in long-term survivors from allogeneic stem cell transplantation.  
J Clin Endocrinol Metab 2007; 92: 4536-4545.
24. Scarabin PY, Hemker HC, Clément C, Soisson V, Alhenc-Gelas M. Increased 
thrombin generation among postmenopausal women using hormone therapy: 
importance of the route of estrogen administration and progestogens. Menopause 
2011; 18: 873-879.  
25. Panay N, Anderson RA, Nappi RE, et al. Premature ovarian insufficiency: an 
International Menopause Society white paper. Climacteric 2020; 23: 426-446.
26. Kotsopoulos J, Gronwald J, Karlan BY, et al. Hormone replacement therapy after 
oophorectomy and breast cancer risk among BRCA1 mutation carriers. JAMA Oncol 
2018; 4: 1059-1065.
27. Jiang H, Robinson DL, Lee PVS, et al. Loss of bone density and bone strength 
following premenopausal risk-reducing bilateral salpingo-oophorectomy: a 
prospective controlled study (WHAM Study). Osteoporos Int 2021; 32: 101-112.
28. Cohen A, Shiau S, Nair N, et al. Effect of teriparatide on bone remodeling and 
density in premenopausal idiopathic osteoporosis: a phase II trial. J Clin Endocrinol 
Metab 2020; 105: e3540-ew3556.
29. Finkelstein JS, Klibanski A, Arnold AL, Toth TL, Hornstein MD, Neer RM. 
Prevention of estrogen deficiency-related bone loss with human parathyroid 
hormone-(1-34): a randomized controlled trial. JAMA 1998; 280: 1067-1073.
30. Fazeli PK, Wang IS, Miller KK, et al. Teriparatide increases bone formation and 
bone mineral density in adult women with anorexia nervosa. J Clin Endocrinol Metab 
2014; 99: 1322-1329.
31. Choe EY, Song JE, Park KH, et al. Effect of teriparatide on pregnancy and 
lactation-associated osteoporosis with multiple vertebral fractures. J Bone Miner 

Metab 2012; 30: 596-601.
32. Langdahl BL, Marin F, Shane E, et al. Teriparatide versus alendronate for treating 
glucocorticoid-induced osteoporosis: an analysis by gender and menopausal status. 
Osteoporos Int 2009; 20: 2095-2104.
33. Patlas N, Golomb G, Yaffe P, Pinto T, Breuer E, Ornoy A. Transplacental effects of 
bisphosphonates on fetal skeletal ossification and mineralization in rats. Teratology 
1999; 60: 68-73.
34. Minsker DH, Manson JM, Peter CP. Effects of the bisphosphonate, alendronate, 
on parturition in the rat. Toxicol Appl Pharmacol 1993; 121: 217-223.
35. Cohen A, Shane E. Premenopausal osteoporosis. In: Bilezikian JP, Eds. Primer 
on the Metabolic Bone Diseases and Disorders of Mineral Metabolism 9th ed. 
American Society for Bone and Mineral Research; 2018 p. 436-442.
36. Ramchand SK, Seeman E, Wang XF, et al. Premenopausal women with early 
breast cancer treated with estradiol suppression have severely deteriorated bone 
microstructure. Bone 2017; 103: 131-135.
37. Grossmann M, Ramchand SK, Milat F, et al. Assessment and management of 
bone health in women with oestrogen receptor-positive breast cancer receiving 
endocrine therapy: position statement summary. Med J Aust 2019; 211: 224-229.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2023. https://endocrinologytoday.com.au/et/february-2023




