& frontiers | Frontiers in Endocrinology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Emanuele Garzia,
Santi Paolo e Carlo Hospital, Italy

REVIEWED BY
Vincenzo Rochira,

University of Modena and Reggio
Emilia, Italy

*CORRESPONDENCE
Rita Indirli
rita.indirli@unimi.it

SPECIALTY SECTION

This article was submitted to
Reproduction,

a section of the journal
Frontiers in Endocrinology

RECEIVED 17 May 2022
ACCEPTED 21 September 2022
PUBLISHED 11 October 2022

CITATION

Indirli R, Lanzi V, Mantovani G,

Arosio M and Ferrante E (2022) Bone
health in functional hypothalamic
amenorrhea: What the endocrinologist
needs to know.

Front. Endocrinol. 13:946695.

doi: 10.3389/fendo.2022.946695

COPYRIGHT

© 2022 Indirli, Lanzi, Mantovani, Arosio
and Ferrante. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Endocrinology

TYPE Mini Review
PUBLISHED 11 October 2022
D0110.3389/fendo.2022.946695
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In the original definition by Klinefelter, Albright and Griswold, the expression
"hypothalamic hypoestrogenism” was used to describe functional
hypothalamic amenorrhoea (FHA). Given the well-known effects of estrogens
on bone, the physiopathology of skeletal fragility in this condition may appear
self-explanatory. Actually, a growing body of evidence has clarified that
estrogens are only part of the story. FHA occurs in eating disorders,
overtraining, and during psychological or physical stress. Despite some
specific characteristics which differentiate these conditions, relative energy
deficiency is a common trigger that initiates the metabolic and endocrine
derangements contributing to bone loss. Conversely, data on the impact of
amenorrhoea on bone density or microarchitecture are controversial, and
reduced bone mass is observed even in patients with preserved menstrual
cycle. Consistently, oral estrogen-progestin combinations have not proven
beneficial on bone density of amenorrheic women. Low bone density is a
highly prevalent finding in these patients and entails an increased risk of stress
or fragility fractures, and failure to achieve peak bone mass and target height in
young girls. Pharmacological treatments have been studied, including
androgens, insulin-like growth factor-1, bisphosphonates, denosumab,
teriparatide, leptin, but none of them is currently approved for use in FHA. A
timely screening for bone complications and a multidisciplinary, customized
approach aiming to restore energy balance, ensure adequate protein, calcium
and vitamin D intake, and reverse the detrimental metabolic-endocrine
changes typical of this condition, should be the preferred approach until
further studies are available.
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Introduction

Functional hypothalamic amenorrhea (FHA) is a condition of
chronic hypoestrogenism without identifiable organic causes (1). It
is encountered in undernutrition and eating disorders (e.g. anorexia
nervosa, AN), overtraining, emotional stress and chronic diseases
(2), and entails long-term consequences, including bone loss (1).

The definition of osteopenia and osteoporosis in AN is
inconsistent among studies: while some have considered bone
mineral density (BMD) T-scores (osteopenia: -1.0<T-score<-2.5;
osteoporosis: T-score<-2.5), others have reported z-scores and
defined osteopenia at -1.0<z-score<-2.0 and osteoporosis at z-
score<-2.0. Overall, osteopenia is reported in 25-90% and
osteoporosis in 19-44% of adult women with AN (3-6). More
than a half of AN adolescent girls present z-score<-1 at one or
more sites, most commonly the spine (7). In amenorrheic AN
women, BMD declines by 2.4% at the hip and by 2.6% at the
spine annually (8).

Impaired microarchitecture (9-13) and bone strength (9)
have been documented in AN, resulting in a cumulative
incidence of fragility fractures up to 57% (14). Fracture risk is
increased at all ages and at several sites, particularly the hip,
pelvis, spine and distal forearm (15, 16).

Women with exercise-related FHA have low BMD, even
though to a lesser extent than AN patients (17). The “Female
Athlete Triad” is a condition characterized by low energy
availability, FHA, and osteoporosis (18). Z score<-2.0 and -1.0<z-
score<-2.0 have been reported in 0-15.4% and 0-39.8% of female
athletes respectively (19). This variability may result from the varied
effects which different sports exert on bone (20). Amenorrheic
athletes also have impaired microarchitecture (21, 22) and bone
strength (22), and a higher risk of stress fractures (28-47%)
compared to eumenorrheic athletes (17-25.6%) and nonathletes
(23, 24).

When FHA manifests at young age, it irreversibly impairs
bone mass accrual, since 90% of peak bone mass (PBM) is
achieved by the age of 18 (25). Adult women with AN onset
before age 18 show lower spine BMD than those developing it
later, regardless of amenorrhea duration (26). Additionally, final
height can be impaired (27) and bone maturation delayed (28).
Despite weight and menstrual recovery, individuals who
experience bone loss as adolescents have chronic deficits and
an increased risk of fracture in adulthood (29-31).

In this review, we summarize determinants of bone loss,
pitfalls in assessment and treatment, and indications for
management of FHA-related skeletal fragility.

Determinants of bone loss

As a condition of estrogen deficiency, skeletal involvement
may appear straightforward in FHA, since estrogens exert a
predominantly antiresorptive action on bone (32) and, along
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with growth hormone (GH), insulin-like growth factor 1 (IGF-1)
and energy balance, play a key role in pubertal growth and bone
mass accrual (33).

Hypoestrogenism

Delayed menarche and longer amenorrhea duration are
associated with low BMD, altered microarchitecture, reduced
strength, and fractures in AN- (5, 26, 34), stress- (17) and
exercise-FHA (22, 30, 35, 36). Age of onset is critical since
estrogen deficiency during adolescence determines low PBM,
which adds to hypoestrogenism-related bone loss during
adulthood (26). However, the estradiol threshold considered to
have skeletal effects in the general female population has classically
been set at 25-30 pg/ml and further lowered to 5 pg/ml in
subsequent studies (37), while serum concentrations are generally
higher in FHA (17, 21). Additionally, reduced BMD is found in
eumenorrheic AN women too, particularly at the hip (38). These
observations suggest that hypoestrogenemia is not the only
determinant of bone loss, and effects may vary at different skeletal
sites. Indeed, Miller et al. documented low BMD at the spine, hip
and radius in AN women, and only at the spine in normal-weight
women with other forms of FHA (39). Spine BMD is significantly
lower in amenorrheic athletes than in eumenorrheic ones (24, 35),
while femoral BMD is comparable (35). Therefore,
hypoestrogenism appears to impact mainly on trabecular (e.g.
spine) bone, while other factors like body mass index, lean mass
and mechanical load act on cortical (e.g. hip) bone (8, 34, 35, 38).

Lifestyle factors

Energy imbalance is the initial trigger for the (mal-)adaptive
changes and comorbidities observed in FHA (40, 41).

Energy deficit yields changes in hypothalamus-pituitary
axes, adipokines and gastrointestinal hormones which, in turn,
affect bone (42, 43). Describing this neuro-endocrine adaptation
is beyond the purpose of this review. However, in order to
understand the rationale behind treatment approaches, the
lifestyle and the hormonal contributors to bone disease are
summarized in Figure 1 (42, 43).

Calcium and vitamin D intake, physical activity and lean
body mass influence PBM (25). Untreated AN patients present
lower circulating levels of 250H-vitamin D and 1,250H-vitamin
D than controls (44). Vitamin D insufficiency (serum 250H-
vitamin D<30 ng/mL) is observed in more than 50% AN women
and is associated with higher parathyroid hormone
concentrations and lower hip BMD (45). Among adolescent
female gymnasts, 83.3% present vitamin D insufficiency, 33.3%
vitamin D deficiency (<20 ng/mL), and 72.2% a poor dietary
calcium intake (46), and these factors are associated with
impaired bone turnover (47).
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Determinants of skeletal fragility in functional hypothalamic amenorrhea (FHA). Negative energy balance is the prime determinant in FHA
physiopathology. Not only the caloric intake, but also the insufficient amount of dietary calcium, vitamin D and proteins impact on bone. In case
of overtraining, some features of sports, like mechanical load and exercise intensity, can affect bone health. The reduction in lean mass impairs
peak bone mass achievement and cortical bone microarchitecture. The reduction in fat mass is associated with low leptin levels and
hypogonadism. Estrogen deficiency contributes to the increased bone resorption (mainly observed in adulthood) and altered trabecular bone
mineral density (BMD) and microarchitecture. The low levels of insulin-like growth factor-1 (IGF-1) result from growth hormone resistance and
the nutritional deprivation, and participate in lowering bone turnover as observed in adolescent patients, and in disrupting peak bone mass
achievement. The hypothalamus-pituitary-adrenal axis is overactive in FHA, resulting in enhanced cortisol secretion which, in turn, inhibits
intestinal calcium absorption, increases urinary calcium excretion, inhibits osteoblast proliferation and increases marrow fat content. Further
studies are needed to clarify whether testosterone, dehydroepiandrosterone, ghrelin, peptide YY (PYY), adiponectin, insulin, amylin and oxytocin
play a role in FHA skeletal involvement (42, 43). (Created with BioRender.com).

The impact of exercise on bone is complex, since the entity
of mechanical loading (48) and exercise intensity (49) influence
bone metabolism and fractures and interact with energy and
gonadal status. Activities with high or odd mechanical strain,
like ball, power or antigravitational sports, induce bone mass
gain and improve bone geometry and strength (20, 21, 50),
particularly at weight-bearing sites. Conversely, in sports
generating low or repetitive loading, like endurance running,
ballet and swimming, the detrimental effects of energy deficit
prevail (20, 51).

The effects of exercise in AN are controversial and vary
according to exercise intensity, mechanical loading, and
phase of illness. High bone-loading activities performed for
1-6 hours/week during recovery from AN, may enhance bone
accrual. Conversely, low-mechanical loading activities
performed for <1 or >6 hours/week increase risk of bone
loss (52, 53).

Frontiers in Endocrinology

03

Chronic diseases

Some conditions associated with FHA (54) -like HIV
infection, organ transplant- can cause bone loss per se, and/or
because of medications used (antiretrovirals, glucocorticoids)
(55). Also some drugs, like some antidepressants, can directly
contribute to both FHA and osteoporosis (55).

Table 1 summarizes determinants of bone loss in different
FHA forms.

Skeletal evaluation
Bone density

Dual-energy X-ray absorptiometry (DXA) is used for
evaluation of areal BMD. However, heterogeneous definitions
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TABLE 1 Determinants of bone loss in different forms of functional hypothalamic amenorrhea.

Undernutrition /
Eating disorders

Delayed menarche, amenorrhea
Young age with impaired peak bone
mass
Inadequate calorie, protein and calcium
intake
Vitamin D insufficiency/deficiency
Hyponatremia
Low mechanical-loading physical
activity (e.g. running)
Low body weight with low fat mass and
low lean mass
Drugs:
*  Diuretics abuse
*  Selective serotonin

re-uptake inhibitors
Endocrine modifications:
|Leptin
|GnRH pulsatility, LH, FSH and
estrogens
1TCRH, ACTH and cortisol
1TGH with GH resistance, |IGF-1

Overtraining

Delayed menarche, amenorrhea

Young age with impaired peak bone mass
Relative energy deficiency

Inadequate protein or calcium intake
Vitamin D insufficiency/deficiency
Possible coexistence of eating disorders
Sports with low or repetitive loading (e.g. endurance
running, ballet, swimming)

Leanness sports

Training intensity

Low body weight with low fat mass
Endocrine modifications:

|Leptin

|GnRH pulsatility, LH, FSH and estrogens
TCRH, ACTH and cortisol

|IGF-1

1Ghrelin

1PYY

1 or = adiponectin

|Insulin

1Oxytocin

Systemic diseases / psychological stress

Delayed menarche, amenorrhea

Young age with impaired peak bone mass

Underlying conditions and/or drugs:

.

Gastrointestinal malabsorption (inflammatory bowel disease,
coeliac disease)

Chronic inflammatory diseases with hypermetabolic states
(e.g. rheumatoid arthritis)

Organ failure (e.g. cystic fibrosis, chronic renal disease, liver
disease)

Organ transplant and medications (e.g. glucocorticoids,
immunosuppressants)

HIV infection and medications

Diabetes (types 1 and 2)

Depression and/or selective serotonin re-uptake inhibitors

Endocrine modifications:

| GnRH pulsatility, LH, FSH and estrogens
1CRH, ACTH and cortisol

Immune stress (IL-1p, IL-6, TNF-o)

| Androgens
1Oxytocin, insulin, amylin ?
1PYY, ghrelin, adiponectin ?

GnRH, Gonadotropin-releasing hormone. LH, luteinizing hormone. FSH, follicle-stimulating hormone. CRH, corticotropin-releasing hormone. ACTH, adrenocorticotropic hormone. Up
arrow, increase. Down arrow, reduction. =, no variation. GH, growth hormone. IGF-1, insulin-like growth factor 1. PYY, peptide YY. IL-1, interleukin 1. IL-6, interleukin 6. TNF-c,

tumor necrosis factor o.

of low BMD in FHA have been used in research studies and by
scientific societies.

According to the International Society for Clinical
Densitometry (56), z-score rather than T-score should be
considered in pre-menopausal women, for whom there are no
densitometric criteria of osteopenia and osteoporosis. Instead,
BMD is defined as “below the expected range for (chronological)
age” if z-score is <-2 (57, 58). In adult women, a diagnosis of
osteoporosis is established if secondary causes of low BMD or
risk factors for fracture are present too (57, 58), while in
adolescents a clinically significant fracture history is required
(59, 60).

The definition of low BMD in the 2007 position statement
of the American College of Sports Medicine, is substantially
different: low BMD in premenopausal athletes is defined at
-2<z-score<-1 (18), considering that sportswomen have 5-
15% higher BMD than nonathletes. More recently, the Female
Athlete Triad Coalition and the Endocrine Society
differentiated weight-bearing and non-weight-bearing sports
(1, 61).
attention; for other sports, low BMD is diagnosed at z-

In the former case -1.0<z-score<-2.0 deserves

score<-2.

Physicians should bear in mind that z-score>—2.0 does
not exclude skeletal fragility. In fact, BMD explains 60-80% of
bone strength and does not encompass other skeletal
features (62).
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Bone quality

Trabecular bone score is a textural index that provides an
indirect measurement of lumbar spine trabecular
microarchitecture (63, 64). Trabecular bone score is impaired
in a significant percentage of AN adolescents and may represent
a useful tool for skeletal evaluation (64, 65).

High-resolution peripheral quantitative computed
tomography allows characterization of volumetric BMD, bone
geometry and microarchitecture. Studies with this technique
documented decreased cortical area and thickness, higher
cortical porosity, lower trabecular number and thickness, and
increased trabecular separation, in AN patients (9, 11, 66) and in
amenorrheic athletes (21-23). Patients with multiple fractures
have the most significant microarchitecture deterioration (23).

Morphometric vertebral fractures

The prevalence of asymptomatic vertebral fractures in FHA is
unknown. One study including 80 young AN women found a low
rate of prevalent and incident morphometric fractures, which were
not predicted by BMD, duration or severity of malnutrition (67).
While the screening of asymptomatic vertebral fractures is
recommended in primary and most secondary forms of

osteoporosis (55), there is no such indication in FHA.
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Biochemical markers

Bone formation and resorption markers are used as
indicators of treatment efficacy and compliance (55). Although
they are not indicated for routine patients” evaluation (55), they
can help characterize the turnover status of an individual.

Energy and estrogen status affect turnover in a time-
dependent manner: while adolescents with AN show mainly
reduced formation (68), in adult women enhanced bone
resorption prevails (69), resulting in uncoupling of
bone metabolism.

Assessment of estradiol levels has poor diagnostic
significance since menstrual periods reflect estrogen status.
However, current guidelines suggest to collect this value (1),
which may serve for the differential diagnosis with polycystic
ovary syndrome (70) and the therapeutic decision-making in
patients planning pregnancy (1). Conversely, usefulness in the
diagnostic and therapeutic work-up of skeletal complications is
not defined and is probably limited.

Lifestyle intervention

Evidence on lifestyle and pharmacological approaches is
summarized in Table 2.

Correction of energy deficit, weight recovery and
resumption of menses are primary goals, and the finding of
low BMD may motivate patients towards behavioural changes
(106). Positive energy balance can be achieved by reducing
exercise energy expenditure and/or increasing caloric intake,
according to published recommendations (107). However, a
threshold level of weight or body mass index gain is not
established (76). An experienced multidisciplinary team is
advocated for the management of these patients, including
nutritionist, psychologist or psychiatrist, athletic trainer,
internist, sports physician (106).

Weight gain reverses uncoupling of bone remodelling by
increasing bone formation and reducing bone resorption in the
short- and middle-term (108, 109). Weight improvement and
resumption of menses are associated with BMD stabilization or
increase (8, 72-75), even if some studies reported conflicting
results (77, 110, 111). A longitudinal study demonstrated
normalisation of spine BMD, bone volume and volumetric
BMD in adolescents 2.7 years after recovery from AN (112).
However, some observations suggested that only a partial effect
can be achieved with weight recovery alone without restoration
of gonadal function (71, 75, 113), or at least that a differential
effect is exerted by these two factors: in a study by Miller et al.,
BMD increased at the hip following weight gain, and at the spine
following menstrual recovery (8).

An adequate intake of calcium and vitamin D is generally
recommended to ensure bone health (55). No study has
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specifically addressed this issue in FHA (76, 78). However,
hypovitaminosis D may counteract the efficacy of refeeding in
AN (79). Therefore, recommendations on adequate calcium and
vitamin D intake appear appropriate (76).

However, bone disease may be not completely reversible, as
low BMD and increased fracture risk can persist lifelong after
sustained recovery from FHA (14, 75, 82).

Pharmacological treatment
Estrogens

Trials with oral contraceptives (OCs) or hormonal
replacement therapy have led to controversial results.
Reduction in bone resorption but also formation markers has
been reported with OCs in FHA (80, 81, 83). In AN women, OCs
did not increase BMD significantly over 1 year compared with
no treatment or placebo (84, 85), and osteopenia persisted or
progressed after 3 years (84). Conversely, in women with other
forms of FHA, two placebo-controlled trials reported
improvement in spine, but not hip BMD after 1 year (83, 86).
A 4-year sequential therapy with 17B-estradiol and
dydrogesterone significantly increased BMD from baseline
(87). According to other findings, OCs may even be
detrimental for bone mass recovery: in an observational study,
AN women receiving OCs showed no BMD improvement
despite weight gain, whereas hip BMD increased in women
who gained weight but did not receive OCs (8).

On the other side, hormonal replacement therapy (i.e.
transdermal estradiol with cyclic progesterone) over 12-18
months yielded a significant increase in spine and hip BMD in
adolescents and young women with FHA compared with
placebo (88) or OCs (89).

The controversial efficacy of OCs, as opposed to the
transdermal estrogen administration, is ascribed to the further
lowering of IGF-1 and (free) androgens concentrations caused
by the former (39) (Figure 1). In addition, the ethinyl-estradiol
content of OCs has been progressively reduced to the minimum
effective dose, because of concerns on thromboembolic events.
Subsequently, conflicting results have been reported about the
effects on bone of low-dose and very-low-dose OCs in young
women (90-92).

Androgens

Two studies reported on the use of low-dose transdermal
testosterone in AN. The first failed to find significant changes in
bone formation markers versus no treatment (93) and the
second did not document BMD improvement from baseline
following 12-month therapy (94).
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TABLE 2 Summary of evidence of lifestyle change and pharmacologic treatments.

Lifestyle change and pharmacologic

treatment

Weight gain

Weight gain + menses restoration

Calcium and vitD supplementation

Oral contraceptives

Transdermal estradiol

Androgens

IGF-1

Bisphosphonates

Denosumab

Teriparatide

Recombinant leptin

Reference

Giollo et al. (71)
Mika et al. (72)
Compston et al. (73); Gordon et al. (74)

Viapiana et al. (75)

Miller et al. (8)

Misra et al. (76)

Dominguez et al. (77)

Grinspoon et al. (78); Vescovi et al. (79)
Golden et al. (80); Strokosch et al. (81)

Warren et al. (82); Hergenroeder et al.
(83)

Sowinska et al. (84)
Misra et al. (85); Ackerman et al. (86)
Miller et al. (87)

Miller et al. (88)

Bloch et al. (89)
Di Vasta et al. (90)

Misra et al. (91); Grinspoon et al. (92)
Grinspoon et al. (93)

Fazeli et al. (94)

Golden et al. (95)

Miller et al. (96); Miller et al. (88)
Haines et al. (97)

Jamieson et al. (98)

Milos et al. (99); Shibli-Rahhal et al. (100)

Fazeli et al. (101)

Welt et al. (102); Chou et al. (103);
Foo et al. (104)

Sienkiewicz et al. (105)

10.3389/fendo.2022.946695

Clinical evidence

Increase in spine BMD by 1.1% over 20 weeks; no change in hip
No change over 2 years
No change over 1 year

Increase in spine and hip BMD by 4.8 and 7.1% respectively over
15 months

Mean annual increase in spine and hip BMD by 3.1 and 1.8%
respectively

Stabilization of BMD measures over 9 months

Increase in spine and hip BMD by 4.6 and 3.1% respectively over
2.2 months

Reduction in bone resorption and formation markers
No increase in BMD over 1 year vs placebo

Improvement in lumbar spine but not hip BMD over 1 year vs placebo

Increase in BMD from baseline over 4 years
Increase in spine and hip BMD over 18 months vs placebo

No changes in osteocalcin and BALP levels after transdermal
testosterone vs placebo

No increase in BMD from baseline over 12 months transdermal
testosterone

No increase in BMD after DHEA vs placebo

Stabilization of femoral neck BMD after DHEA + oral contraceptives
vs placebo

Increase in bone formation markers vs placebo

Improvement in BMD after IGF-1 + oral contraceptives vs IGF-1 alone
No changes in bone turnover markers after rh-GH

Increase in femoral neck but not lumbar spine BMD after alendronate
Increase in spine BMD after risedronate

Increase in spine BMD after risedronate + IGF-1 vs risedronate alone
Increase in spine, hip and femoral neck BMD

Increase in femoral neck BMD

Increase in lumbar spine BMD

Increase in bone formation markers

Increase in lumbar spine BMD

BMD, bone mineral density. vitD, vitamin D. BALP, bone alkaline phosphatase. DHEA, dehydroepiandrosterone. IGF-1, recombinant human insulin-like growth factor 1. rh-GH,
recombinant human Growth Hormone.

In AN women, two placebo-controlled trials found no is given in combination with OCs (101). Supraphysiological
increase in BMD at any site with dehydroepiandrosterone recombinant human GH administration does not affect turnover
alone (95), and a stabilization of femoral neck BMD with
dehydroepiandrosterone given in combination with an OC for

18 months (96).

markers in AN women (99).

Bisphosphonates
IGF-1
Femoral neck, but not spine BMD increased from baseline
Short-term therapy with recombinant human IGF-1 after 1 year of treatment with alendronate (100), while
increases bone formation markers in AN patients compared to risedronate improved spine BMD compared to placebo when

placebo (97, 98). Improvement in BMD is observed when IGF-1 administered for 1 year in AN women (94, 102). A sequential
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therapy with IGF-1 followed by risedronate increased spine
BMD more than risedronate alone (103).

Denosumab

Experience with denosumab is anecdotal. Increase in spine
and hip BMD has been reported in a woman with AN treated
with denosumab for 3 years (104).

Teriparatide

Three studies reported a positive effect of teriparatide on
spine BMD after 6 months (105) and on femoral neck BMD after
2 years (114, 115) compared to placebo in women with AN and
severe 0steoporosis.

Recombinant leptin

Leptin administration for 3-9 months in women with FHA
improves gonadal, thyroid and growth hormone axes function,
bone formation markers, RANK-ligand/osteoprotegerin ratio
(116-118), and spine BMD after 2 years compared with no
treatment (119). However, weight loss was observed in leptin-
treated patients (119), making this treatment unsuitable for low-
weight women with FHA.

Discussion

FHA is responsible for 20-35% cases of secondary
amenorrhea (120). Some forms of FHA can take a long time
to recover (121), and all bring about long-term health
consequences (120). In addition, FHA involves a wide range of
hormonal changes which differentiate it from other conditions
of estrogen deficiency and make its management challenging.

The first step in the work-up of FHA-related bone loss,
consists in selecting patients for clinical evaluation. Current
guidelines recommend to screen patients with FHA lasting >6
months, or earlier if other risk factors occur, including low body
weight, eating disorders, delayed menarche or prior fractures (1,
61). DXA scan of lumbar spine, hip and, in adolescents, whole
body, is recommended for BMD evaluation, while parameters like
trabecular bone score and bone microarchitecture should be
reserved to research purposes. Only z-score has to be
considered in pre-menopausal women, and low BMD is defined
as z-score<-2 (1, 61). DXA scan has to be repeated every 12-24
months in patients at risk for bone loss and to monitor treatment
(1, 18, 61). As no recommendation exists about screening for
asymptomatic vertebral fractures, we suggest that the decision
is left to clinical judgement, according to the presence of other
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risk factors or comorbidities contributing to skeletal
demineralization (55).

Studies on pharmacological treatments have led to no
definitive conclusions. Level of evidence is low, as based on
few randomized controlled trials of short duration, or
observational studies including small cohorts. Moreover,
effects have been evaluated in terms of BMD or turnover
markers, while data on fracture prevention are lacking.

Based on FHA-related hormonal changes, treatments with
estrogens, IGF-1, leptin, androgens have been attempted.
However, one single hormonal therapy has no or little effect
on the other mechanisms which influence bone metabolism.

Administration of OCs has led to conflicting results. In
addition, physicians should consider that resumption of
menses through estrogen prescription could reduce patient’s
motivation to gain weight (122). Nevertheless, it is estimated that
up to 78% of physicians prescribe OCs inappropriately to
prevent bone loss (122).

Bone active medications are promising alternatives but more
data are needed before including them in treatment
recommendations. Bone active drugs should be prescribed
cautiously in young women of reproductive age, considering
that they cannot be administered for long periods, some of them
raise concerns about fracture risk after discontinuation (123,
124), and the long half-life of bisphosphonates.

Both the Female Athlete Triad Coalition and the Endocrine
Society suggest prescription of transdermal estradiol with cyclic
progestins (but not OCs) in high-risk patients (i.e. z-score<-2.0,
prior fractures) who did not respond to 1 year of non-
pharmacological therapy (i.e. further BMD loss or new
fracture) (1, 61). While the Endocrine Society recommends
against the use of other medications (1), the Coalition suggests
to consider bone active agents in women with contraindications
to or lack of benefit from estrogen replacement (61).

At present, the cornerstone of management of FHA-related
bone loss is lifestyle intervention. Weight gain has the most
robust impact on BMD, and recovery of gonadal function has an
additive effect (125). Patients should be aware that normalization
of energy balance is the main factor that anticipates resumption
of menses and BMD gain; however, achieving these goals takes
months or years. Regular monitoring and long-lasting support
should be provided by an experienced multidisciplinary
team (18).

Nutritional intervention should address caloric intake and
micro- and macronutrients availability. Since no data are
available on the optimal daily intake of calcium and vitamin D
in FHA, recommendations for other forms of osteoporosis are
adopted (55, 78), i.e. 1000-1300 mg of calcium and 400-800 IU
of vitamin D daily, eventually through oral supplements (18, 61).
Serum 250H-vitamin D levels should be monitored, aiming at
concentrations of 30-50 ng/ml. Protein intake should be
customized considering that intensely training athletes have
higher requirements (18).
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Energy availability can be increased by reducing exercising
intensity too. This should be planned with a sports physician and
athletic trainer for female athletes. In AN, moderate physical
activity may be acceptable during the recovery phase (52, 53).

Lifestyle intervention must continue also in patients who
receive pharmacological treatments.

In conclusion, FHA is a condition of estrogen deficiency
which entails several metabolic and hormonal alterations. Bone
is severely affected, with long-term consequences including short
stature, reduced PBM and skeletal fragility. While re-establishing
adequate energy balance and nutrients intake is instrumental to
weight gain, recovery of menses and resolution of hormonal
derangements, bone impairment is not completely reversible
and the increased fracture risk can persist life-long. Preventive
educational programs should be undertaken in schools or during
athletic training. Larger and longer-lasting trials, new
therapeutic approaches and combined strategies are warranted
to improve bone health.

Author contributions

RI, VL, EF searched and selected the scientific literature and
prepared the manuscript. GM and MA critically revised the

References

1. Gordon CM, Ackerman KE, Berga SL, Kaplan JR, Mastorakos G, Misra M,
et al. Functional hypothalamic amenorrhea: An endocrine society clinical practice
guideline. J Clin Endocrinol Metab (2017) 102(5):1413-39. doi: 10.1210/jc.2017-
00131

2. Fourman LT, Fazeli PK. Neuroendocrine causes of amenorrhea-an update. |
Clin Endocrinol Metab (2015) 100(3):812-24. doi: 10.1210/jc.2014-3344

3. Miller KK, Grinspoon SK, Ciampa ], Hier J, Herzog D, Klibanski A. Medical
findings in outpatients with anorexia nervosa. Arch Intern Med (2005) 165(5):561—
6. doi: 10.1001/archinte.165.5.561

4. Grinspoon S, Thomas E, Pitts S, Gross E, Mickley D, Miller K, et al.
Prevalence and predictive factors for regional osteopenia in women with
anorexia nervosa. Ann Intern Med (2000) 133(10):790-4. doi: 10.7326/0003-
4819-133-10-200011210-00011

5. Workman C, Blalock DV, Mehler PS. Bone density status in a large
population of patients with anorexia nervosa. Bone (2020) 131:115161. doi:
10.1016/j.bone.2019.115161

6. Schorr M, Thomas JJ, Eddy KT, Dichtel LE, Lawson EA, Meenaghan E, et al.
Bone density, body composition, and psychopathology of anorexia nervosa
spectrum disorders in DSM-IV vs DSM-5. Int ] Eat Disord (2017) 50(4):343-51.
doi: 10.1002/eat.22603

7. Misra M, Aggarwal A, Miller KK, Almazan C, Worley M, Soyka LA, et al.
Effects of anorexia nervosa on clinical, hematologic, biochemical, and bone density
parameters in community-dwelling adolescent girls. Pediatrics (2004) 114(6):1574—
83. doi: 10.1542/peds.2004-0540

8. Miller KK, Lee EE, Lawson EA, Misra M, Minihan J, Grinspoon SK, et al.
Determinants of skeletal loss and recovery in anorexia nervosa. J Clin Endocrinol
Metab (2006) 91(8):2931-7. doi: 10.1210/jc.2005-2818

9. Faje AT, Karim L, Taylor A, Lee H, Miller KK, Mendes N, et al. Adolescent
girls with anorexia nervosa have impaired cortical and trabecular microarchitecture
and lower estimated bone strength at the distal radius. J Clin Endocrinol Metab
(2013) 98(5):1923-9. doi: 10.1210/jc.2012-4153

10. Milos G, Spindler A, Riiegsegger P, Seifert B, Miihlebach S, Uebelhart D,
et al. Cortical and trabecular bone density and structure in anorexia nervosa.

Frontiers in Endocrinology

08

10.3389/fendo.2022.946695

manuscript. All authors approved the submitted version and
agree to be accountable for the content of the work.

Funding

This work was funded by University of Milan, Milan, Italy.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Osteoporos Int ] Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found
USA (2005) 16(7):783-90. doi: 10.1007/s00198-004-1759-2

11. Singhal V, Tulsiani S, Campoverde KJ, Mitchell DM, Slattery M, Schorr M,
et al. Impaired bone strength estimates at the distal tibia and its determinants in
adolescents with anorexia nervosa. Bone (2018) 106:61-8. doi: 10.1016/
j.bone.2017.07.009

12. Walsh CJ, Phan CM, Misra M, Bredella MA, Miller KK, Fazeli PK, et al. Women
with anorexia nervosa: finite element and trabecular structure analysis by using flat-panel
volume CT. Radiology (2010) 257(1):167-74. doi: 10.1148/radiol. 10100222

13. Bredella MA, Fazeli PK, Miller KK, Misra M, Torriani M, Thomas BJ, et al.
Increased bone marrow fat in anorexia nervosa. J Clin Endocrinol Metab (2009) 94
(6):2129-36. doi: 10.1210/jc.2008-2532

14. Lucas AR, Melton L], Crowson CS, O’Fallon WM. Long-term fracture risk
among women with anorexia nervosa: a population-based cohort study. Mayo Clin
Proc (1999) 74(10):972-7. doi: 10.1016/S0025-6196(11)63994-3

15. Nagata JM, Golden NH, Leonard MB, Copelovitch L, Denburg MR. Assessment
of sex differences in fracture risk among patients with anorexia nervosa: A population-
based cohort study using the health improvement network. J Bone Miner Res Off ] Am
Soc Bone Miner Res (2017) 32(5):1082-9. doi: 10.1002/jbmr.3068

16. Vestergaard P, Emborg C, Steving RK, Hagen C, Mosekilde L, Brixen K.
Fractures in patients with anorexia nervosa, bulimia nervosa, and other eating
disorders—a nationwide register study. Int J Eat Disord (2002) 32(3):301-8. doi:
10.1002/eat.10101

17. Grinspoon S, Miller K, Coyle C, Krempin J, Armstrong C, Pitts S, et al.
Severity of osteopenia in estrogen-deficient women with anorexia nervosa and
hypothalamic amenorrhea. J Clin Endocrinol Metab (1999) 84(6):2049-55.
doi: 10.1210/jcem.84.6.5792

18. Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen ], Warren
MBP, et al. American College of sports medicine position stand. femnale athlete triad.
Med Sci Sports Exerc (2007) 39(10):1867-82. doi: 10.1249/mss.0b013e318149f111

19. Gibbs JC, Williams NI, De Souza M]J. Prevalence of individual and
combined components of the female athlete triad. Med Sci Sports Exerc (2013)
45(5):985-96. doi: 10.1249/MSS.0b013e31827e1bdc

frontiersin.org


https://doi.org/10.1210/jc.2017-00131
https://doi.org/10.1210/jc.2017-00131
https://doi.org/10.1210/jc.2014-3344
https://doi.org/10.1001/archinte.165.5.561
https://doi.org/10.7326/0003-4819-133-10-200011210-00011
https://doi.org/10.7326/0003-4819-133-10-200011210-00011
https://doi.org/10.1016/j.bone.2019.115161
https://doi.org/10.1002/eat.22603
https://doi.org/10.1542/peds.2004-0540
https://doi.org/10.1210/jc.2005-2818
https://doi.org/10.1210/jc.2012-4153
https://doi.org/10.1007/s00198-004-1759-2
https://doi.org/10.1016/j.bone.2017.07.009
https://doi.org/10.1016/j.bone.2017.07.009
https://doi.org/10.1148/radiol.10100222
https://doi.org/10.1210/jc.2008-2532
https://doi.org/10.1016/S0025-6196(11)63994-3
https://doi.org/10.1002/jbmr.3068
https://doi.org/10.1002/eat.10101
https://doi.org/10.1210/jcem.84.6.5792
https://doi.org/10.1249/mss.0b013e318149f111
https://doi.org/10.1249/MSS.0b013e31827e1bdc
https://doi.org/10.3389/fendo.2022.946695
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Indirli et al.

20. Barrack MT, Rauh MJ, Nichols JF. Cross-sectional evidence of suppressed
bone mineral accrual among female adolescent runners. ] Bone Miner Res Off ] Am
Soc Bone Miner Res (2010) 25(8):1850-7. doi: 10.1002/jbmr.63

21. Ackerman KE, Nazem T, Chapko D, Russell M, Mendes N, Taylor AP, et al.
Bone microarchitecture is impaired in adolescent amenorrheic athletes compared
with eumenorrheic athletes and nonathletic controls. J Clin Endocrinol Metab
(2011) 96(10):3123-33. doi: 10.1210/jc.2011-1614

22. Ackerman KE, Putman M, Guereca G, Taylor AP, Pierce L, Herzog DB, et al.
Cortical microstructure and estimated bone strength in young amenorrheic
athletes, eumenorrheic athletes and non-athletes. Bone (2012) 51(4):680-7. doi:
10.1016/j.bone.2012.07.019

23. Ackerman KE, Cano Sokoloff N DE, Nardo Maffazioli G, HM C, Lee H,
Misra M. Fractures in relation to menstrual status and bone parameters in young
athletes. Med Sci Sports Exerc (2015) 47(8):1577-86. doi: 10.1249/
MSS.0000000000000574

24. Christo K, Prabhakaran R, Lamparello B, Cord J, Miller KK, Goldstein MA,
et al. Bone metabolism in adolescent athletes with amenorrhea, athletes with
eumenorrhea, and control subjects. Pediatrics (2008) 121(6):1127-36. doi: 10.1542/
peds.2007-2392

25. Weaver CM, Gordon CM, Janz KF, Kalkwarf HJ, Lappe JM, Lewis R, et al.
The national osteoporosis foundation’s position statement on PBM development
and lifestyle factors: a systematic review and implementation recommendations.
Osteoporos Int ] Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found
USA (2016) 27(4):1281-386. doi: 10.1007/500198-015-3440-3

26. Biller BM, Saxe V, Herzog DB, Rosenthal DI, Holzman S, Klibanski A.
Mechanisms of osteoporosis in adult and adolescent women with anorexia nervosa.
J Clin Endocrinol Metab (1989) 68(3):548-54. doi: 10.1210/jcem-68-3-548

27. Georgopoulos NA, Theodoropoulou A, Roupas NA, Rottstein L, Tsekouras
A, Mylonas P, et al. Growth velocity and final height in elite female rhythmic and
artistic gymnasts. Horm Athens Greece (2012) 11(1):61-9. doi: 10.1007/
BF03401538

28. Georgopoulos N, Markou K, Theodoropoulou A, Paraskevopoulou P,
Varaki L, Kazantzi Z, et al. Growth and pubertal development in elite female
rhythmic gymnasts. J Clin Endocrinol Metab (1999) 84(12):4525-30. doi: 10.1210/
jcem.84.12.6177

29. Herzog W, Minne H, Deter C, Leidig G, Schellberg D, Wiister C, et al.
Outcome of bone mineral density in anorexia nervosa patients 11.7 years after first
admission. ] Bone Miner Res Off ] Am Soc Bone Miner Res (1993) 8(5):597-605.
doi: 10.1002/jbmr.5650080511

30. Warren MP, Brooks-Gunn J, Fox RP, Holderness CC, Hyle EP, Hamilton
WG. Osteopenia in exercise-associated amenorrhea using ballet dancers as a
model: a longitudinal study. J Clin Endocrinol Metab (2002) 87(7):3162-8. doi:
10.1210/jcem.87.7.8637

31. Barrack MT, Van Loan MD, Rauh M]J, Nichols JF. Body mass, training,
menses, and bone in adolescent runners: a 3-yr follow-up. Med Sci Sports Exerc
(2011) 43(6):959-66. doi: 10.1249/MSS.0b013e318201d7bb

32. Syed F, Khosla S. Mechanisms of sex steroid effects on bone. Biochem
Biophys Res Commun (2005) 328(3):688-96. doi: 10.1016/j.bbrc.2004.11.097

33. Saggese G, Baroncelli GI, Bertelloni S. Puberty and bone development. Best
Pract Res Clin Endocrinol Metab (2002) 16(1):53-64. doi: 10.1053/beem.2001.0180

34. Legroux-Geérot I, Vignau J, D’Herbomez M, Collier F, Marchandise X,
Duquesnoy B, et al. Evaluation of bone loss and its mechanisms in anorexia
nervosa. Calcif Tissue Int (2007) 81(3):174-82. doi: 10.1007/500223-007-9038-9

35. Mallinson RJ, Williams NI, Hill BR, De Souza MJ. Body composition and
reproductive function exert unique influences on indices of bone health in
exercising women. Bone (2013) 56(1):91-100. doi: 10.1016/j.bone.2013.05.008

36. Gibson JH, Mitchell A, Harries MG, Reeve J. Nutritional and exercise-
related determinants of bone density in elite female runners. Osteoporos Int ] Establ
Result Coop Eur Found Osteoporos Natl Osteoporos Found USA (2004) 15(8):611-8.
doi: 10.1007/s00198-004-1589-2

37. Ettinger B, Pressman A, Sklarin P, Bauer DC, Cauley JA, Cummings SR.
Associations between low levels of serum estradiol, bone density, and fractures
among elderly women: the study of osteoporotic fractures. J Clin Endocrinol Metab
(1998) 83(7):2239-43. doi: 10.1210/jc.83.7.2239

38. Miller KK, Grinspoon S, Gleysteen S, Grieco KA, Ciampa J, Breu J, et al.
Preservation of neuroendocrine control of reproductive function despite severe
undernutrition. J Clin Endocrinol Metab (2004) 89(9):4434-8. doi: 10.1210/jc.2004-0720

39. Miller KK, Lawson EA, Mathur V, Wexler TL, Meenaghan E, Misra M, et al.
Androgens in women with anorexia nervosa and normal-weight women with
hypothalamic amenorrhea. ] Clin Endocrinol Metab (2007) 92(4):1334-9. doi:
10.1210/jc.2006-2501

40. Dipla K, Kraemer RR, Constantini NW, Hackney AC. Relative energy
deficiency in sports (RED-s): elucidation of endocrine changes affecting the

Frontiers in Endocrinology

09

10.3389/fendo.2022.946695

health of males and females. Horm Athens Greece (2021) 20(1):35-47. doi:
10.1007/s42000-020-00214-w

41. De Souza MJ, West SL, Jamal SA, Hawker GA, Gundberg CM, Williams NI.
The presence of both an energy deficiency and estrogen deficiency exacerbate
alterations of bone metabolism in exercising women. Bone (2008) 43(1):140-8. doi:
10.1016/j.bone.2008.03.013

42. Fazeli PK, Klibanski A. Effects of anorexia nervosa on bone metabolism.
Endocr Rev (2018) 39(6):895-910. doi: 10.1210/er.2018-00063

43. Maimoun L, Georgopoulos NA, Sultan C. Endocrine disorders in adolescent
and young female athletes: impact on growth, menstrual cycles, and bone mass
acquisition. J Clin Endocrinol Metab (2014) 99(11):4037-50. doi: 10.1210/jc.2013-
3030

44. Veronese N, Solmi M, Rizza W, Manzato E, Sergi G, Santonastaso P, et al.
Vitamin d status in anorexia nervosa: A meta-analysis. Int ] Eat Disord (2015) 48
(7):803-13. doi: 10.1002/eat.22370

45. Gatti D, El Ghoch M, Viapiana O, Ruocco A, Chignola E, Rossini M, et al.
Strong relationship between vitamin d status and bone mineral density in anorexia
nervosa. Bone (2015) 78:212-5. doi: 10.1016/j.bone.2015.05.014

46. Lovell G. Vitamin d status of females in an elite gymnastics program. Clin |
Sport Med Off ] Can Acad Sport Med (2008) 18(2):159-61. doi: 10.1097/
JSM.0b013e3181650¢eee

47. Barrack MT, Van Loan MD, Rauh M]J, Nichols JF. Physiologic and
behavioral indicators of energy deficiency in female adolescent runners with
elevated bone turnover. Am J Clin Nutr (2010) 92(3):652-9. doi: 10.3945/
jcn.2009.28926

48. Nichols JF, Rauh MJ, Barrack MT, Barkai HS. Bone mineral density in
female high school athletes: interactions of menstrual function and type of
mechanical loading. Bone (2007) 41(3):371-7. doi: 10.1016/j.bone.2007.05.003

49. Miyamoto T, Oguma Y, Sato Y, Kobayashi T, Ito E, Tani M, et al. Elevated
creatine kinase and lactic acid dehydrogenase and decreased osteocalcin and
uncarboxylated osteocalcin are associated with bone stress injuries in young
female athletes. Sci Rep (2018) 8(1):18019. doi: 10.1038/s41598-018-36982-0

50. Maimoun L, Coste O, Philibert P, Briot K, Mura T, Galtier F, et al.
Peripubertal female athletes in high-impact sports show improved bone mass
acquisition and bone geometry. Metabolism (2013) 62(8):1088-98. doi: 10.1016/
j.metabol.2012.11.010

51. Valentino R, Savastano S, Tommaselli AP, D’Amore G, Dorato M,
Lombardi G. The influence of intense ballet training on trabecular bone mass,
hormone status, and gonadotropin structure in young women. J Clin Endocrinol
Metab (2001) 86(10):4674-8. doi: 10.1210/jcem.86.10.7908

52. Joyce JM, Warren DL, Humphries LL, Smith AJ, Coon JS. Osteoporosis in
women with eating disorders: comparison of physical parameters, exercise, and
menstrual status with SPA and DPA evaluation. ] Nucl Med Off Publ Soc Nucl Med
(1990) 31(3):325-31.

53. Waugh EJ, Woodside DB, Beaton DE, Coté P, Hawker GA. Effects of
exercise on bone mass in young women with anorexia nervosa. Med Sci Sports
Exerc (2011) 43(5):755-63. doi: 10.1249/MSS.0b013e3181£f3961

54. Ackerman KE, Misra M. Functional hypothalamic amenorrhea:
Pathophysiology and clinical manifestations - UpToDate (2022). Available at:
https://www-uptodate-com.pros1.lib.unimi.it/contents/functional-hypothalamic-
amenorrhea-pathophysiology-and-clinical-manifestations?search=functional%
20hypothalamic%20amenorrhea&source=search_result&selectedTitle=
2~43&usage_type=default&display_rank=2#H2454127284.

55. Nuti R, Brandi ML, Checchia G, Di Munno O, Dominguez L, Falaschi P,
et al. Guidelines for the management of osteoporosis and fragility fractures. Intern
Emerg Med (2019) 14(1):85-102. doi: 10.1007/s11739-018-1874-2

56. Shuhart CR, Yeap SS, Anderson PA, Jankowski LG, Lewiecki EM, Morse LR,
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 Off ] Int Soc Clin Densitom (2019) 22(4):453-71. doi:
10.1016/j.jocd.2019.07.001

57. Crabtree NJ, Arabi A, Bachrach LK, Fewtrell M, El-Hajj Fuleihan G,
Kecskemethy HH, et al. Dual-energy X-ray absorptiometry interpretation and
reporting in children and adolescents: the revised 2013 ISCD pediatric official
positions. J Clin Densitom Off ] Int Soc Clin Densitom (2014) 17(2):225-42. doi:
10.1016/j,jocd.2014.01.003

58. The Writing Group for the ISCD Position Development Conference.
Diagnosis of osteoporosis in men, premenopausal women, and children. J Clin
Densitom (2004) 7(1):17-26. doi: 10.1385/JCD:7:1:17

59. Bishop N, Arundel P, Clark E, Dimitri P, Farr J, Jones G, et al. Fracture
prediction and the definition of osteoporosis in children and adolescents: the ISCD
2013 pediatric official positions. J Clin Densitom Off ] Int Soc Clin Densitom (2014)
17(2):275-80. doi: 10.1016/j.jocd.2014.01.004

frontiersin.org


https://doi.org/10.1002/jbmr.63
https://doi.org/10.1210/jc.2011-1614
https://doi.org/10.1016/j.bone.2012.07.019
https://doi.org/10.1249/MSS.0000000000000574
https://doi.org/10.1249/MSS.0000000000000574
https://doi.org/10.1542/peds.2007-2392
https://doi.org/10.1542/peds.2007-2392
https://doi.org/10.1007/s00198-015-3440-3
https://doi.org/10.1210/jcem-68-3-548
https://doi.org/10.1007/BF03401538
https://doi.org/10.1007/BF03401538
https://doi.org/10.1210/jcem.84.12.6177
https://doi.org/10.1210/jcem.84.12.6177
https://doi.org/10.1002/jbmr.5650080511
https://doi.org/10.1210/jcem.87.7.8637
https://doi.org/10.1249/MSS.0b013e318201d7bb
https://doi.org/10.1016/j.bbrc.2004.11.097
https://doi.org/10.1053/beem.2001.0180
https://doi.org/10.1007/s00223-007-9038-9
https://doi.org/10.1016/j.bone.2013.05.008
https://doi.org/10.1007/s00198-004-1589-2
https://doi.org/10.1210/jc.83.7.2239
https://doi.org/10.1210/jc.2004-0720
https://doi.org/10.1210/jc.2006-2501
https://doi.org/10.1007/s42000-020-00214-w
https://doi.org/10.1016/j.bone.2008.03.013
https://doi.org/10.1210/er.2018-00063
https://doi.org/10.1210/jc.2013-3030
https://doi.org/10.1210/jc.2013-3030
https://doi.org/10.1002/eat.22370
https://doi.org/10.1016/j.bone.2015.05.014
https://doi.org/10.1097/JSM.0b013e3181650eee
https://doi.org/10.1097/JSM.0b013e3181650eee
https://doi.org/10.3945/ajcn.2009.28926
https://doi.org/10.3945/ajcn.2009.28926
https://doi.org/10.1016/j.bone.2007.05.003
https://doi.org/10.1038/s41598-018-36982-0
https://doi.org/10.1016/j.metabol.2012.11.010
https://doi.org/10.1016/j.metabol.2012.11.010
https://doi.org/10.1210/jcem.86.10.7908
https://doi.org/10.1249/MSS.0b013e3181ff3961
https://www-uptodate-com.pros1.lib.unimi.it/contents/functional-hypothalamic-amenorrhea-pathophysiology-and-clinical-manifestations?search=functional%20hypothalamic%20amenorrhea&source=search_result&amp;selectedTitle=2~43&amp;usage_type=default&amp;display_rank=2#H2454127284
https://www-uptodate-com.pros1.lib.unimi.it/contents/functional-hypothalamic-amenorrhea-pathophysiology-and-clinical-manifestations?search=functional%20hypothalamic%20amenorrhea&source=search_result&amp;selectedTitle=2~43&amp;usage_type=default&amp;display_rank=2#H2454127284
https://www-uptodate-com.pros1.lib.unimi.it/contents/functional-hypothalamic-amenorrhea-pathophysiology-and-clinical-manifestations?search=functional%20hypothalamic%20amenorrhea&source=search_result&amp;selectedTitle=2~43&amp;usage_type=default&amp;display_rank=2#H2454127284
https://www-uptodate-com.pros1.lib.unimi.it/contents/functional-hypothalamic-amenorrhea-pathophysiology-and-clinical-manifestations?search=functional%20hypothalamic%20amenorrhea&source=search_result&amp;selectedTitle=2~43&amp;usage_type=default&amp;display_rank=2#H2454127284
https://doi.org/10.1007/s11739-018-1874-2
https://doi.org/10.1016/j.jocd.2019.07.001
https://doi.org/10.1016/j.jocd.2014.01.003
https://doi.org/10.1385/JCD:7:1:17
https://doi.org/10.1016/j.jocd.2014.01.004
https://doi.org/10.3389/fendo.2022.946695
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Indirli et al.

60. Ward LM, Weber DR, Munns CF, Hégler W, Zemel BS. A contemporary
view of the definition and diagnosis of osteoporosis in children and adolescents. J
Clin Endocrinol Metab (2020) 105(5):e2088-97. doi: 10.1210/clinem/dgz294

61. De Souza MJ, Nattiv A, Joy E, Misra M, Williams NI, Mallinson R], et al.
Female athlete triad coalition consensus statement on treatment and return to play
of the female athlete triad: 1st international conference held in San Francisco, CA,
may 2012, and 2nd international conference held in Indianapolis, IN, may 2013.
Clin ] Sport Med Off ] Can Acad Sport Med (2014) 24(2):96-119. doi: 10.1097/
JSM.0000000000000085

62. Schousboe JT, Shepherd JA, Bilezikian JP, Baim S. Executive summary of the
2013 international society for clinical densitometry position development
conference on bone densitometry. J Clin Densitom Off J Int Soc Clin Densitom
(2013) 16(4):455-66. doi: 10.1016/j.jocd.2013.08.004

63. Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley N, et al.
Trabecular bone score: a noninvasive analytical method based upon the DXA
image. ] Bone Miner Res Off ] Am Soc Bone Miner Res (2014) 29(3):518-30. doi:
10.1002/jbmr.2176

64. Donaldson AA, Feldman HA, O’Donnell JM, Gopalakrishnan G, Gordon
CM. Spinal bone texture assessed by trabecular bone score in adolescent girls with
anorexia nervosa. | Clin Endocrinol Metab (2015) 100(9):3436-42. doi: 10.1210/
§€.2015-2002

65. Levy-Shraga Y, Tripto-Shkolnik L, David D, Vered I, Stein D, Modan-Moses
D. Low trabecular bone score in adolescent female inpatients with anorexia
nervosa. Clin Nutr (2019) 38(3):1166-70. doi: 10.1016/j.cInu.2018.04.013

66. Kandemir N, Slattery M, Ackerman KE, Tulsiani S, Bose A, Singhal V, et al.
Bone parameters in anorexia nervosa and athletic amenorrhea: Comparison of two
hypothalamic amenorrhea states. J Clin Endocrinol Metab (2018) 103(6):2392-402.
doi: 10.1210/jc.2018-00338

67. Divasta AD, Feldman HA, Gordon CM. Vertebral fracture assessment in
adolescents and young women with anorexia nervosa: a case series. ] Clin Densitom
Off ] Int Soc Clin Densitom (2014) 17(1):207-11. doi: 10.1016/j.jocd.2013.02.011

68. Soyka LA, Grinspoon S, Levitsky LL, Herzog DB, Klibanski A. The effects of
anorexia nervosa on bone metabolism in female adolescents. J Clin Endocrinol
Metab (1999) 84(12):4489-96. doi: 10.1210/jc.84.12.4489

69. Idolazzi L, El Ghoch M, Dalle Grave R, Bazzani PV, Calugi S, Fassio S, et al.
Bone metabolism in patients with anorexia nervosa and amenorrhoea. Eat Weight
Disord EWD (2018) 23(2):255-61. doi: 10.1007/s40519-016-0337-x

70. Abou Sherif S, Newman R, Haboosh S, Al-Sharefi A, Papanikolaou N,
Dimakopoulou A, et al. Investigating the potential of clinical and biochemical
markers to differentiate between functional hypothalamic amenorrhoea and
polycystic ovarian syndrome: A retrospective observational study. Clin
Endocrinol (Oxf) (2021) 95(4):618-27. doi: 10.1111/cen.14571

71. Dominguez J, Goodman L, Sen Gupta S, Mayer L, Etu SF, Walsh BT, et al.
Treatment of anorexia nervosa is associated with increases in bone mineral density,
and recovery is a biphasic process involving both nutrition and return of menses.
Am ] Clin Nutr (2007) 86(1):92-9. doi: 10.1093/ajcn/86.1.92

72. Lindberg JS, Powell MR, Hunt MM, Ducey DE, Wade CE. Increased
vertebral bone mineral in response to reduced exercise in amenorrheic runners.
West ] Med (1987) 146(1):39-42.

73. Vescovi JD, Jamal SA, De Souza M]J. Strategies to reverse bone loss in
women with functional hypothalamic amenorrhea: a systematic review of the
literature. Osteoporos Int (2008) 19(4):465-78. doi: 10.1007/s00198-007-0518-6

74. Viapiana O, Gatti D, Dalle Grave R, Todesco T, Rossini M, Braga V, et al.
Marked increases in bone mineral density and biochemical markers of bone
turnover in patients with anorexia nervosa gaining weight. Bone (2007) 40
(4):1073-7. doi: 10.1016/j.bone.2006.11.015

75. Misra M, Prabhakaran R, Miller KK, Goldstein MA, Mickley D, Clauss L,
et al. Weight gain and restoration of menses as predictors of bone mineral density
change in adolescent girls with anorexia nervosa-1. J Clin Endocrinol Metab (2008)
93(4):1231-7. doi: 10.1210/jc.2007-1434

76. Gordon CM. Clinical practice. Functional hypothalamic amenorrhea. N
Engl ] Med (2010) 363(4):365-71. doi: 10.1056/NEJMcp0912024

77. Mika C, Holtkamp K, Heer M, Ginther RW, Herpertz-Dahlmann B. A 2-
year prospective study of bone metabolism and bone mineral density in adolescents
with anorexia nervosa. ] Neural Transm Vienna Austria 1996 (2007) 114(12):1611-
8. doi: 10.1007/s00702-007-0787-4

78. Drabkin A, Rothman MS, Wassenaar E, Mascolo M, Mehler PS. Assessment
and clinical management of bone disease in adults with eating disorders: a review. J
Eat Disord (2017) 5(1):42. doi: 10.1186/s40337-017-0172-0

79. Giollo A, Idolazzi L, Caimmi C, Fassio A, Bertoldo F, Dalle Grave R, et al.
Vitamin d levels strongly influence bone mineral density and bone turnover
markers during weight gain in female patients with anorexia nervosa. Int J Eat
Disord (2017) 50(9):1041-9. doi: 10.1002/eat.22731

80. Grinspoon SK, Friedman AJ, Miller KK, Lippman J, Olson WH, Warren
MP. Effects of a triphasic combination oral contraceptive containing Norgestimate/

Frontiers in Endocrinology

10

10.3389/fendo.2022.946695

Ethinyl estradiol on biochemical markers of bone metabolism in young women
with osteopenia secondary to hypothalamic amenorrhea. J Clin Endocrinol Metab
(2003) 88(8):3651-6. doi: 10.1210/jc.2003-030033

81. Vescovi JD, VanHeest JL, De Souza M]J. Short-term response of bone
turnover to low-dose oral contraceptives in exercising women with hypothalamic
amenorrhea. Contraception (2008) 77(2):97-104. doi: 10.1016/
j.contraception.2007.10.007

82. Southmayd EA, Hellmers AC, De Souza MJ. Food versus pharmacy:
Assessment of nutritional and pharmacological strategies to improve bone health
in energy-deficient exercising women. Curr Osteoporos Rep (2017) 15(5):459-72.
doi: 10.1007/s11914-017-0393-9

83. Warren MP, Miller KK, Olson WH, Grinspoon SK, Friedman AJ. Effects of
an oral contraceptive (norgestimate/ethinyl estradiol) on bone mineral density in
women with hypothalamic amenorrhea and osteopenia: an open-label extension of
a double-blind, placebo-controlled study. Contraception (2005) 72(3):206-11. doi:
10.1016/j.contraception.2005.03.007

84. Golden NH, Lanzkowsky L, Schebendach J, Palestro CJ, Jacobson MS,
Shenker IR. The effect of estrogen-progestin treatment on bone mineral density in
anorexia nervosa. | Pediatr Adolesc Gynecol (2002) 15(3):135-43. doi: 10.1016/
$1083-3188(02)00145-6

85. Strokosch GR, Friedman AJ, Wu SC, Kamin M. Effects of an oral
contraceptive (Norgestimate/Ethinyl estradiol) on bone mineral density in
adolescent females with anorexia nervosa: A double-blind, placebo-controlled
study. J Adolesc Health (2006) 39(6):819-27. doi: 10.1016/
j.jadohealth.2006.09.010

86. Hergenroeder AC, Smith EO, Shypailo R, Jones LA, Klish W7, Ellis K. Bone
mineral changes in young women with hypothalamic amenorrhea treated with oral
contraceptives, medroxyprogesterone, or placebo over 12 months. Am J Obstet
Gynecol (1997) 176(5):1017-25. doi: 10.1016/S0002-9378(97)70396-X

87. Sowinska-przepiera E, Chelstowski K, Friebe Z, Syrenicz A. Bone mineral
density in girls with functional hypothalamic amenorrhea subjected to
estroprogestagen treatment — a 4-year prospective study. Gynecol Endocrinol
(2011) 27(11):966-70. doi: 10.3109/09513590.2011.569605

88. Misra M, Katzman D, Miller KK, Mendes N, Snelgrove D, Russell M, et al.
Physiologic estrogen replacement increases bone density in adolescent girls with
anorexia nervosa. ] Bone Miner Res (2011) 26(10):2430-8. doi: 10.1002/jbmr.447

89. Ackerman KE, Singhal V, Baskaran C, Slattery M, Campoverde Reyes K],
Toth A, et al. Oestrogen replacement improves bone mineral density in oligo-
amenorrhoeic athletes: a randomised clinical trial. Br J Sports Med (2019) 53
(4):229-36. doi: 10.1136/bjsports-2018-099723

90. Nappi C, Di Spiezio Sardo A, Acunzo G, Bifulco G, Tommaselli GA, Guida
M, et al. Effects of a low-dose and ultra-low-dose combined oral contraceptive use
on bone turnover and bone mineral density in young fertile women: a prospective
controlled randomized study. Contraception (2003) 67(5):355-9. doi: 10.1016/
S0010-7824(03)00025-8

91. Biason TP, Goldberg TBL, Kurokawa CS, Moretto MR, Teixeira AS, Nunes
HR de C. Low-dose combined oral contraceptive use is associated with lower bone
mineral content variation in adolescents over a 1-year period. BMC Endocr Disord
(2015) 15:15. doi: 10.1186/512902-015-0012-7

92. Kuohung W, Borgatta L, Stubblefield P. Low-dose oral contraceptives and
bone mineral density: an evidence-based analysis. Contraception (2000) 61(2):77-
82. doi: 10.1016/S0010-7824(00)00086-X

93. Miller KK, Grieco KA, Klibanski A. Testosterone administration in women
with anorexia nervosa. J Clin Endocrinol Metab (2005) 90(3):1428-33. doi: 10.1210/
jc.2004-1181

94. Miller KK, Meenaghan E, Lawson EA, Misra M, Gleysteen S, Schoenfeld D,
et al. Effects of risedronate and low-dose transdermal testosterone on bone mineral
density in women with anorexia nervosa: a randomized, placebo-controlled study. J
Clin Endocrinol Metab (2011) 96(7):2081-8. doi: 10.1210/jc.2011-0380

95. Bloch M, Ish-Shalom S, Greenman Y, Klein E, Latzer Y.
Dehydroepiandrosterone treatment effects on weight, bone density, bone
metabolism and mood in women suffering from anorexia nervosa-a pilot study.
Psychiatry Res (2012) 200(2-3):544-9. doi: 10.1016/j.psychres.2012.07.012

96. DiVasta AD, Feldman HA, Giancaterino C, Rosen CJ, LeBoff MS, Gordon
CM. The effect of gonadal and adrenal steroid therapy on skeletal health in
adolescents and young women with anorexia nervosa. Metabolism (2012) 61
(7):1010-20. doi: 10.1016/j.metabol.2011.11.016

97. Misra M, McGrane ], Miller KK, Goldstein MA, Ebrahimi S, Weigel T, et al.
Effects of rhIGF-1 administration on surrogate markers of bone turnover in
adolescents with anorexia nervosa. Bone (2009) 45(3):493-8. doi: 10.1016/
j.bone.2009.06.002

98. Grinspoon S, Baum H, Lee K, Anderson E, Herzog D, Klibanski A. Effects of
short-term recombinant human insulin-like growth factor I administration on
bone turnover in osteopenic women with anorexia nervosa. J Clin Endocrinol
Metab (1996) 81(11):3864-70. doi: 10.1210/jcem.81.11.8923830

frontiersin.org


https://doi.org/10.1210/clinem/dgz294
https://doi.org/10.1097/JSM.0000000000000085
https://doi.org/10.1097/JSM.0000000000000085
https://doi.org/10.1016/j.jocd.2013.08.004
https://doi.org/10.1002/jbmr.2176
https://doi.org/10.1210/jc.2015-2002
https://doi.org/10.1210/jc.2015-2002
https://doi.org/10.1016/j.clnu.2018.04.013
https://doi.org/10.1210/jc.2018-00338
https://doi.org/10.1016/j.jocd.2013.02.011
https://doi.org/10.1210/jc.84.12.4489
https://doi.org/10.1007/s40519-016-0337-x
https://doi.org/10.1111/cen.14571
https://doi.org/10.1093/ajcn/86.1.92
https://doi.org/10.1007/s00198-007-0518-6
https://doi.org/10.1016/j.bone.2006.11.015
https://doi.org/10.1210/jc.2007-1434
https://doi.org/10.1056/NEJMcp0912024
https://doi.org/10.1007/s00702-007-0787-4
https://doi.org/10.1186/s40337-017-0172-0
https://doi.org/10.1002/eat.22731
https://doi.org/10.1210/jc.2003-030033
https://doi.org/10.1016/j.contraception.2007.10.007
https://doi.org/10.1016/j.contraception.2007.10.007
https://doi.org/10.1007/s11914-017-0393-9
https://doi.org/10.1016/j.contraception.2005.03.007
https://doi.org/10.1016/S1083-3188(02)00145-6
https://doi.org/10.1016/S1083-3188(02)00145-6
https://doi.org/10.1016/j.jadohealth.2006.09.010
https://doi.org/10.1016/j.jadohealth.2006.09.010
https://doi.org/10.1016/S0002-9378(97)70396-X
https://doi.org/10.3109/09513590.2011.569605
https://doi.org/10.1002/jbmr.447
https://doi.org/10.1136/bjsports-2018-099723
https://doi.org/10.1016/S0010-7824(03)00025-8
https://doi.org/10.1016/S0010-7824(03)00025-8
https://doi.org/10.1186/s12902-015-0012-7
https://doi.org/10.1016/S0010-7824(00)00086-X
https://doi.org/10.1210/jc.2004-1181
https://doi.org/10.1210/jc.2004-1181
https://doi.org/10.1210/jc.2011-0380
https://doi.org/10.1016/j.psychres.2012.07.012
https://doi.org/10.1016/j.metabol.2011.11.016
https://doi.org/10.1016/j.bone.2009.06.002
https://doi.org/10.1016/j.bone.2009.06.002
https://doi.org/10.1210/jcem.81.11.8923830
https://doi.org/10.3389/fendo.2022.946695
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Indirli et al.

99. Fazeli PK, Lawson EA, Prabhakaran R, Miller KK, Donoho DA, Clemmons
DR, et al. Effects of recombinant human growth hormone in anorexia nervosa: A
randomized, placebo-controlled study. J Clin Endocrinol Metab (2010) 95
(11):4889-97. doi: 10.1210/jc.2010-0493

100. Golden NH, Iglesias EA, Jacobson MS, Carey D, Meyer W, Schebendach J,
et al. Alendronate for the treatment of osteopenia in anorexia nervosa: A
randomized, double-blind, placebo-controlled trial. J Clin Endocrinol Metab
(2005) 90(6):3179-85. doi: 10.1210/jc.2004-1659

101. Grinspoon S, Thomas L, Miller K, Herzog D, Klibanski A. Effects of
recombinant human IGF-I and oral contraceptive administration on bone density
in anorexia nervosa. J Clin Endocrinol Metab (2002) 87(6):2883-91. doi: 10.1210/
jcem.87.6.8574

102. Miller KK, Grieco KA, Mulder ], Grinspoon S, Mickley D, Yehezkel R, et al.
Effects of risedronate on bone density in anorexia nervosa. J Clin Endocrinol Metab
(2004) 89(8):3903-6. doi: 10.1210/jc.2003-031885

103. Haines MS, Kimball A, Meenaghan E, Bachmann KN, Santoso K, Eddy KT,
et al. Sequential therapy with recombinant human IGF -1 followed by risedronate
increases spine bone mineral density in women with anorexia nervosa: A
randomized, placebo-controlled trial. ] Bone Miner Res (2021) 36(11):2116-26.
doi: 10.1002/jbmr.4420

104. Jamieson A, Pelosi AJ. Use of denosumab in a patient with chronic
anorexia nervosa and osteoporosis. Am ] Med (2016) 129(2):e47. doi: 10.1016/
j.amjmed.2015.07.040

105. Fazeli PK, Wang IS, Miller KK, Herzog DB, Misra M, Lee H, et al.
Teriparatide increases bone formation and bone mineral density in adult women
with anorexia nervosa. ] Clin Endocrinol Metab (2014) 99(4):1322-9. doi: 10.1210/
jc.2013-4105

106. Papanek PE. The female athlete triad: An emerging role for physical
therapy. J Orthop Sports Phys Ther (2003) 33(10):594-614. doi: 10.2519/
jospt.2003.33.10.594

107. Nose-Ogura S, Harada M, Hiraike O, Osuga Y, Fujii T. Management of the
female athlete triad. J Obstet Gynaecol Res (2018) 44(6):1007-14. doi: 10.1111/
jog.13614

108. Caillot-Augusseau A, Lafage-Proust MH, Margaillan P, Vergely N, Faure S,
Paillet S, et al. Weight gain reverses bone turnover and restores circadian variation
of bone resorption in anorexic patients: Weight gain and bone turnover in
anorexia. Clin Endocrinol (Oxf) (2000) 52(1):113-21. doi: 10.1046/j.1365-
2265.2000.00879.x

109. Heer M, Mika C, Grzella I, Drummer C, Herpertz-Dahlmann B. Changes
in bone turnover in patients with anorexia nervosa during eleven weeks of inpatient
dietary treatment. Clin Chem (2002) 48(5):754-60. doi: 10.1093/clinchem/48.5.754

110. Compston JE, McConachie C, Stott C, Hannon RA, Kaptoge S, Debiram I,
et al. Changes in bone mineral density, body composition and biochemical markers
of bone turnover during weight gain in adolescents with severe anorexia nervosa: a
1-year prospective study. Osteoporos Int ] Establ Result Coop Eur Found Osteoporos
Natl Osteoporos Found USA (2006) 17(1):77-84. doi: 10.1007/s00198-005-1904-6

111. Gordon CM, Grace E, Emans SJ, Feldman HA, Goodman E, Becker KA,
et al. Effects of oral dehydroepiandrosterone on bone density in young women with
anorexia nervosa: a randomized trial. J Clin Endocrinol Metab (2002) 87(11):4935-
41. doi: 10.1210/j¢.2002-020545

Frontiers in Endocrinology

11

10.3389/fendo.2022.946695

112. Bass SL, Saxon L, Corral AM, Rodda CP, Strauss BJG, Reidpath D, et al.
Near normalisation of lumbar spine bone density in young women with osteopenia
recovered from adolescent onset anorexia nervosa: a longitudinal study. J Pediatr
Endocrinol Metab JPEM (2005) 18(9):897-907. doi: 10.1515/JPEM.2005.18.9.897

113. Drinkwater BL, Nilson K, Ott S, Chesnut CH. Bone mineral density after
resumption of menses in amenorrheic athletes. JAMA (1986) 256(3):380-2. doi:
10.1001/jama.1986.03380030082032

114. Milos G, Moergeli H, Sob C, Wisler D, Wasila M, Uebelhart D, et al.
Positive effect of teriparatide on areal bone mineral density in young women with
anorexia nervosa: A pilot study. Calcif Tissue Int (2021) 108(5):595-604. doi:
10.1007/s00223-020-00791-3

115. Shibli-Rahhal A, McCormick L. Teriparatide treatment of osteoporosis in a
patient with anorexia nervosa. Eat Weight Disord - Stud Anorex Bulim Obes (2013)
18(2):229-31. doi: 10.1007/s40519-013-0034-y

116. Welt CK, Smith P, Mantzoros CS. Recombinant human leptin in women
with hypothalamic amenorrhea. N Engl ] Med (2004) 351(10):987-97. doi: 10.1056/
NEJMoa040388

117. Chou SH, Chamberland JP, Liu X, Matarese G, Gao C, Stefanakis R, et al.
Leptin is an effective treatment for hypothalamic amenorrhea. Proc Natl Acad Sci
(2011) 108(16):6585-90. doi: 10.1073/pnas.1015674108

118. Foo JP, Polyzos SA, Anastasilakis AD, Chou S, Mantzoros CS. The effect of
leptin replacement on parathyroid hormone, RANKL-osteoprotegerin axis, and
wnt inhibitors in young women with hypothalamic amenorrhea. J Clin Endocrinol
Metab (2014) 99(11):E2252-8. doi: 10.1210/jc.2014-2491

119. Sienkiewicz E, Magkos F, Aronis KN, Brinkoetter M, Chamberland JP,
Chou S, et al. Long-term metreleptin treatment increases bone mineral density and
content at the lumbar spine of lean hypoleptinemic women. Metabolism (2011) 60
(9):1211-21. doi: 10.1016/j.metabol.2011.05.016

120. Meczekalski B, Katulski K, Czyzyk A, Podfigurna-Stopa A, Maciejewska-
Jeske M. Functional hypothalamic amenorrhea and its influence on women’s
health. J Endocrinol Invest (2014) 37(11):1049-56. doi: 10.1007/s40618-014-
0169-3

121. Eddy KT, Tabri N, Thomas JJ, Murray HB, Keshaviah A, Hastings E, et al.
Recovery from anorexia nervosa and bulimia nervosa at 22-year follow-up. J Clin
Psychiatry (2017) 78(2):184-9. doi: 10.4088/JCP.15m10393

122. Bergstrém I, Crisby M, Engstrom AM, Hoélcke M, Fored M, Jakobsson
Kruse P, et al. Women with anorexia nervosa should not be treated with estrogen or
birth control pills in a bone-sparing effect. Acta Obstet Gynecol Scand (2013) 92
(8):877-80. doi: 10.1111/a0gs.12178

123. Tsourdi E, Langdahl B, Cohen-Solal M, Aubry-Rozier B, Eriksen EF,
Guanabens N, et al. Discontinuation of denosumab therapy for osteoporosis: A
systematic review and position statement by ECTS. Bone (2017) 105:11-7. doi:
10.1016/j.bone.2017.08.003

124. Prince R, Sipos A, Hossain A, Syversen U, Ish-Shalom S, Marcinowska E,
et al. Sustained nonvertebral fragility fracture risk reduction after discontinuation
of teriparatide treatment. / Bone Miner Res Off ] Am Soc Bone Miner Res (2005) 20
(9):1507-13. doi: 10.1359/JBMR.050501

125. Steinman J, Shibli-Rahhal A. Anorexia nervosa and osteoporosis:
Pathophysiology and treatment. J Bone Metab (2019) 26(3):133-43. doi:
10.11005/jbm.2019.26.3.133

frontiersin.org


https://doi.org/10.1210/jc.2010-0493
https://doi.org/10.1210/jc.2004-1659
https://doi.org/10.1210/jcem.87.6.8574
https://doi.org/10.1210/jcem.87.6.8574
https://doi.org/10.1210/jc.2003-031885
https://doi.org/10.1002/jbmr.4420
https://doi.org/10.1016/j.amjmed.2015.07.040
https://doi.org/10.1016/j.amjmed.2015.07.040
https://doi.org/10.1210/jc.2013-4105
https://doi.org/10.1210/jc.2013-4105
https://doi.org/10.2519/jospt.2003.33.10.594
https://doi.org/10.2519/jospt.2003.33.10.594
https://doi.org/10.1111/jog.13614
https://doi.org/10.1111/jog.13614
https://doi.org/10.1046/j.1365-2265.2000.00879.x
https://doi.org/10.1046/j.1365-2265.2000.00879.x
https://doi.org/10.1093/clinchem/48.5.754
https://doi.org/10.1007/s00198-005-1904-6
https://doi.org/10.1210/jc.2002-020545
https://doi.org/10.1515/JPEM.2005.18.9.897
https://doi.org/10.1001/jama.1986.03380030082032
https://doi.org/10.1007/s00223-020-00791-3
https://doi.org/10.1007/s40519-013-0034-y
https://doi.org/10.1056/NEJMoa040388
https://doi.org/10.1056/NEJMoa040388
https://doi.org/10.1073/pnas.1015674108
https://doi.org/10.1210/jc.2014-2491
https://doi.org/10.1016/j.metabol.2011.05.016
https://doi.org/10.1007/s40618-014-0169-3
https://doi.org/10.1007/s40618-014-0169-3
https://doi.org/10.4088/JCP.15m10393
https://doi.org/10.1111/aogs.12178
https://doi.org/10.1016/j.bone.2017.08.003
https://doi.org/10.1359/JBMR.050501
https://doi.org/10.11005/jbm.2019.26.3.133
https://doi.org/10.3389/fendo.2022.946695
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Bone health in functional hypothalamic amenorrhea: What the endocrinologist needs to know
	Introduction
	Determinants of bone loss
	Hypoestrogenism
	Lifestyle factors
	Chronic diseases

	Skeletal evaluation
	Bone density
	Bone quality
	Morphometric vertebral fractures
	Biochemical markers

	Lifestyle intervention
	Pharmacological treatment
	Estrogens
	Androgens
	IGF-1
	Bisphosphonates
	Denosumab
	Teriparatide
	Recombinant leptin

	Discussion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


