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Anorexia nervosa (AN) is an eating disorder characterized by refusal to maintain a healthy 

body weight and a fear of food, leading to a state of chronic energy deprivation. Anorexia 

nervosa is more common in young women, where the prevalence is about 0.3% to 1%, 

although it may be as high as 3.7% if less stringent diagnostic criteria are used [1,2]. A 

range of neuroendocrine abnormalities is observed in patients with AN, including 

amenorrhea, one of the diagnostic criteria of AN [3]. Functional hypothalamic amenorrhea 

(HA) is the cessation of menstrual periods due to the absence of hypothalamic signals to the 

pituitary gland resulting in absent stimulation of the ovaries and anovulation. This occurs not 

only in the context of AN but also in every case of chronically low energy availability, either 

from excessive exercise or weight loss, as well as psychological stress [4,5]. Therefore, HA 

is more common, with prevalence rates of 2% to 5% [6]; and it accounts for more than 30% 

of amenorrhea in reproductive-age women [7]. Most women with HA, such as competitive 

athletes, who do not have AN have less reduction in food intake, less severe weight loss, and 

less concomitant psychiatric problems compared with those with AN [8].

Amenorrhea, present in the majority of women with AN and in all women with HA [9], is 

associated with infertility that usually resolves with resolution of the amenorrhea, although 

rates of obstetrical complications may remain higher [10]. In addition to HA, there is also a 

range of comorbidities in women with AN that include cardiovascular complications 
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[11,12]; electrolyte abnormalities including hypokalemia, hypomagnesemia, and 

hypophosphatemia [11]; gastrointestinal complications including gastroparesis and 

constipation; elevated liver enzymes; skin changes including dry skin and development of 

lanugo hair; respiratory muscle weakness; cytopenias; and brain atrophy, in addition to 

endocrine dysfunction [11,13,14].

The endocrine abnormalities of AN are closely linked to the adverse effects on bone health. 

Both AN and HA in general are associated with dysfunction of the hypothalamic-pituitary-

gonadal axis. The amenorrhea observed in these conditions is due to a reduction in 

amplitude and/or frequency of gonadotropin-releasing hormone pulse secretion [15], leading 

to loss or dysregulation of normal luteinizing hormone (LH) pulsatility [16] along with 

dysregulation of other hypothalamic-pituitary-peripheral axes. The lack of the stimulus from 

the gonadotropic hormones leads to reduced ovarian production of estradiol [17,18], with 

well-known adverse effects on bone health in women [19]. There is also a reduction in 

circulating androgen levels [17] in AN. Testosterone, which in women predominantly 

originates from the adrenal gland (25%), the ovary (25%), and the peripheral conversion of 

androstenedione (50%) [20], is markedly lower in women with AN [17]. 

Dehydroepiandrosterone sulfate (DHEAS) is the major androgen in a normal-cycling 

woman and is converted to other active androgens such as androstenedione, androstenediol, 

testosterone, and 5-dihydrotestosterone and to estrogens including estradiol and estrone [21]. 

Whether or not DHEAS levels are affected in women with AN is currently unclear. One 

large cross-sectional study found that DHEAS levels were not lower in women with AN 

compared with healthy, normal-weight controls [17], whereas another study reported 

decreased DHEAS levels in AN [22]. However, various studies have conclusively 

demonstrated that levels of DHEAS are reduced in women taking the oral contraceptive pill, 

including those with AN [17,23–25]. Androgens have putative effects on bone too [26,27], 

and androgen levels have been shown to be associated with both cortical and trabecular bone 

mineral density (BMD) [28,29]. The hypoandrogenemia in women with AN, whether 

secondary to the hypothalamic-pituitarygonadal dysfunction or to a suppressive effect of 

estrogen treatment in women with AN, may therefore result in further deleterious effects on 

bone health above that imposed by hypoestrogenemia.

Other endocrine axes are also affected in AN. Growth hormone levels increase, but insulin-

like growth factor–1 (IGF-1) levels do not increase consequently and are frequently low [30–

32], suggesting a state of growth hormone resistance [31]. Insulin-like growth factor–1 is a 

nutritionally dependent bone trophic factor [33,34] with critical endocrine and paracrine 

actions to stimulate osteoblast function and collagen formation [35,36], and low IGF-1 

levels have been found to be strong predictors of abnormal bone microarchitectural 

parameters [37]. Anorexia nervosa is also complicated by hypothalamic-pituitary-adrenal 

dysregulation, resulting in hypercortisolemia [18,38]. Cortisol has well-known deleterious 

effects on bone health [39], and hypercortisolemia is associated with the severity of bone 

loss in AN [40].

Besides the multitude of endocrine dysfunctions, nutritional deficiency in general is known 

to impair peak bone accretion in adolescence [41], with subsequent risk of osteoporosis in 

later life. Chronic severe undernutrition is a hallmark of AN, and the resulting medical 
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complications are directly attributable to the caloric restriction and weight loss seen in this 

condition.

The combination of the poor nutritional status, low estrogen levels, and the other endocrine 

abnormalities discussed above leads to adverse effects on the bone health of these women. 

Bone density is markedly lower in women with AN at both trabecular and cortical bone sites 

[11,42], although trabecular bone, especially in the lumbar spine, tends to be more severely 

affected [43]. The annual rate of decline in BMD at the spine and hip is approximately 2.5% 

in adults with AN [44]. Loss of bone density occurs early in the disease course [45] and can 

be quite severe, with osteoporosis seen in 35% of patients with AN [11,42] due to both 

decreased bone formation and increased bone resorption, leading to an overall reduction in 

the BMD [46]. In addition, assessment of bone microarchitecture has shown marked 

abnormalities in bone volume and trabecular thickness [47]. Importantly, this insult to bone 

accumulation occurs at an age when bone mass should be markedly increasing to achieve 

peak bone mass, therefore leading to a reduced BMD later in life [48]. This leads to a 

fracture rate reported to be as high as 30% in AN [11,49] and an incidence of fractures of up 

to 61% in ballet dancers with HA [50]. Most of these fractures are atraumatic, stress 

fractures or fractures resulting from aminor injury that would not be expected normally to 

result in a fracture [11].

Hence, a major focus of treating women with AN is to prevent bone loss and lower fracture 

risk. Multiple treatment options have been investigated in AN, including weight gain, 

calcium and vitamin D supplementation, estrogen supplementation, androgen 

supplementation, IGF-1 replacement, and traditional osteoporosis treatments.

A study examining the effect of a behavioral weight-gain protocol involving nutritional and 

psychiatric intervention on bone turnover and BMD reported significant percentage 

increases in BMD with 2.2 months of treatment, although N-telopeptide, a bone resorption 

marker, remained elevated. A fall of N-telopeptide and a shift from the dominant resorptive 

state, which the authors postulate to imply full recovery, occurred only in the subgroup of 

subjects who regained menses with weight recovery. This suggests that normalization of 

bone metabolism is likely biphasic, involving a primary nutritional mechanism that 

stimulates bone formation and a hormonal mechanism that decreases bone resorption [51]. 

Weight gain through nutritional rehabilitation may therefore improve some or most of the 

neuroendocrine dysfunction [52], with associated improvement but perhaps not 

normalization of bone density [53].

Ensuring adequate intake of calcium (1200–1500 mg/d of elemental calcium) and vitamin D 

(600–1000 U/d) is also recommended and is considered standard treatment for patients with 

AN [54], and may have other beneficial effects [55]. However, studies have consistently 

failed to show any improvement in bone health with calcium and vitamin D supplementation 

alone in AN [56,57]. In a separate study, there was no correlation between calcium intake 

and BMD in adolescents with AN [58]. Therefore, although calcium and vitamin D are 

important determinants of developing bone density, they do not appear by themselves to be 

major contributing factors to restoration of bone mineral content in AN [43].
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Because of the crucial role of estrogen in bone physiology, several trials have attempted to 

treat women with AN with estrogen, usually in the form of the combined oral contraceptive 

pill. Results have been largely unsatisfactory. Klibanski et al [56] studied the use of 

combined estrogen and progesterone vs calcium and vitamin D in adult women with AN. 

They found no increase in BMD in either group after 1 year, although subgroup analyses 

showed a significant increase in BMD in women with the lowest weight. Similarly, 

Strokosch et al [59] studied oral estrogen and progesterone vs placebo in adolescents with 

AN. After 1 year, they found no significant increase in BMD after controlling for weight 

gain. Other studies have found similar results [60,61]. However, a trial using 18 months of a 

more physiologic low-dose estrogen replacement regimen mimicking pubertal estrogen 

levels resulted in improvement of BMD z-score in the spine and hip when compared with 

placebo recipients (change in z-score of −0.026 and −0.236 in estrogen and placebo group, 

respectively, at the lumbar spine; corresponding numbers at the hip were −0.177 and −0.331, 

respectively) [62], without any evidence of estrogen-induced decrease in levels of IGF-1.

Exogenous estrogen suppresses IGF-1 secretion [58], which is a potential explanation as to 

why low-dose estrogen may be more beneficial than higher-dose estrogen. However, trials 

have also examined the effect of recombinant human IGF-1 on bone health, whether given 

alone or in combination with oral contraceptive pills. These have shown some promising 

results, with an increase in bone formation markers when recombinant IGF-1 was given 

alone [46]. However, a significant improvement in BMD was only shown when recombinant 

IGF-1 was given in combination with combined oral contraceptive pills for 9 months, when 

compared with recombinant IGF-1 alone, oral contraceptive pills alone, or no therapy [63].

As androgens may play a role in bone health, it has been suggested that androgen therapy 

could be a potential treatment of osteoporosis in AN. Dehydroepiandrosterone sulfate has 

been studied in the elderly, with mixed results. Postmenopausal women showed stabilization 

of BMD during treatment with DHEAS [64], but elderly men did not have any beneficial 

effect [65]. Although it is unclear whether women with AN have subnormal DHEAS levels, 

prior trials have looked at the effect of either DHEAS or testosterone supplementation in 

women with AN. Aprior 3-month–long trial of DHEAS found an increase in bone formation 

markers [22], but a follow-up study comparing DHEAS to oral estrogen-progesterone found 

no increase in BMD after 1 year with either treatment after controlling for weight gain [66]. 

One study found that testosterone treatment also increased bone formation markers in 

women with AN, but BMD data were not obtained [67]. In another study, treatment with 

testosterone did not lead to a significant increase in BMD whether with or without the 

addition of risedronate [68]. Therefore, although androgens may increase bone formation 

markers, they do not appear to improve BMD when used as monotherapy.

Other traditional medications such as antiresorptives used for osteoporosis have also been 

evaluated in AN, with varying results. For example, treatment with alendronate led to no 

increase in BMD after controlling for body weight [69], whereas treatment with risedronate 

for 9 months showed a 3% to 5% increase of BMD at the spine [68,70]. However, none of 

these medications are approved by the Food and Drug Administration for use in women with 

AN.
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The modest results of the above studies and the lack of approved medications for prevention 

or treatment of osteoporosis in women with AN highlight an unmet need. They also suggest 

that treatment approaches aiming at improving bone health in AN subjects will likely require 

correcting the multitude of pathophysiological factors simultaneously rather than addressing 

isolated nutritional or hormonal deficiencies. Moreover, specific drawbacks of these 

treatments do exist. As illustrated above, exogenous estrogen monotherapy are generally 

unable to restore bone mass to the level of age-matched healthy controls [71], in contrast to 

unequivocal benefits seen in postmenopausal osteoporosis [72]. The lack of long-term safety 

data and clear-cut indications of DHEAS, as well as the lack of standardization of 

commercially available compounds, has led to recommendation against their use in women 

in general [74]. Although recombinant IGF-1 treatment improved bone formation markers 

when given in isolation, improvement in BMD was only seen in combination with estrogen 

replacement [63], suggesting likely insubstantial effect of recombinant IGF-1 on bone health 

when used as a monotherapy [46]. Concerns about long-term effects of suppressing bone 

turnover in young women with the use of bisphosphonates and the potential for teratogenic 

effects in pregnancy have limited the utility of these medications in AN subjects who are 

usually in the reproductive-age group [73]. Most importantly, most of these treatments entail 

either treating in isolation or only targeting specific deficiencies without addressing the wide 

spectrum of neuroendocrine, reproductive, and bone abnormalities evident in HA and AN, 

leading to inconsistent and unclear outcomes in terms of achieving peak bone mass or 

reducing fracture risk in the long term [74].

An article in this issue of Metabolism [75] evaluated the effect of combined DHEA with 

estrogen/progestin in preserving skeletal health over a duration of 18 months in subjects 

with AN. This study reported the preservation of spinal and whole-body BMD z-scores in 

the intervention group receiving DHEA and estrogen/progestin treatment, in contrast to the 

downward trend in the placebo group, resulting in a placebosubtracted improvement in bone 

density z-scores in the interventional group of 0.021 standard deviations (SD) in the spine, 

0.017 SD in the hip, and 0.024 SD in the total body (placebo-corrected change in bone 

mineral density from baseline was 0.27%, 0.22% and 0.16%, respectively) [75]. This 

illustrates how treatment using both the anabolic bone-forming effect of DHEA and the 

antiresorptive effect of estrogen might yield better outcomes on BMD compared with 

previously reported treatment regimen targeting only an isolated defect in bone metabolism 

[66]. The therapy was well tolerated, with few androgen or estrogen-associated adverse 

effects. This presents a reasonably convenient, safe, and effective complementary treatment 

option to subjects with AN to improve bone health, while other interventions, including 

psychiatric and nutritional interventions, could still be applied concomitantly to further 

improve and provide a more permanent solution to the underlying medical problem. A 

longer duration of intervention and follow-up in future studies would be helpful to determine 

the optimal duration of therapy in maximizing bone health in this group of subjects with AN 

and to elucidate the long-term effects and/or adverse effects of this combination treatment. 

Future studies should also evaluate the efficacy on bone health of similar treatment regimens 

in the milder group of women with HA. Dehydroepiandrosterone sulfate is currently 

available as a dietary supplement in many countries, and the purity and potency of 

commercially available preparations are either inconsistent or not known [76]. Importantly, 
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purity and potency were standardized in this study [75], which may not be the case if 

patients obtain the medication outside of a research setting. Future studies using different 

doses and preparations of DHEAS in the treatment of AN will be helpful to clarify if the 

current inconsistency in commercial available preparations will affect treatment outcome. 

Clinical trials addressing potential adverse effects also need to be performed [77,78].

These above treatment regimens have largely been studied in subjects with AN. The utility 

of these treatments in subjects with HA is less clear. Both AN and HA are characterized by a 

common pathophysiological state of chronic energy deprivation, a condition marked by 

hypoleptinemia [79–81]. Circulating leptin levels reflect the amount of energy stores, and 

hypoleptinemia may well mediate many of the neuroendocrine disturbances associated with 

AN and HA [5,82]. Recent studies have highlighted the therapeutic potential of leptin as a 

treatment option in women with hypoleptinemic HA [83,84]. In a prospective open-label 

study, women with HA administered metreleptin for 3 months had increased mean LH levels 

and LH pulse frequency after 2 weeks, leading to an increase in maximal follicular diameter, 

the number of dominant follicles, ovarian volume, and estradiol levels [85], providing proof 

of concept that hypoleptinemia may be responsible for the reproductive and neuroendocrine 

abnormalities associated with HA. A randomized, double-blinded, placebo-controlled trial 

of metreleptin in replacement doses over a longer duration of 36 weeks in women with HA 

increased estradiol, progesterone, free triiodothyronine levels, IGF-1 to insulin-like growth 

factor–binding protein 3 ratio, and osteocalcin level while decreasing cortisol level, further 

validating the key role of hypoleptinemia in the multiple neuroendocrine, reproductive, and 

bone abnormalities associated with HA [86]. Another study examining the effect of longer-

term metreleptin replacement in subjects with HA for up to 2 years found significantly 

increased bone mineral content by 5.1% and BMD by 8.6% at the lumbar spine, 

demonstrating the novel therapeutic potential of leptin replacement in the optimization of 

bone health in hypoleptinemic amenorrheic women [87]. These data herald new promises in 

the treatment of HA, as leptin results in an improvement of bone health not only through 

treating isolated hormonal abnormalities but possibly also through a direct effect on bones 

[88] while at the same time resolving several other neuroendocrine [89] and reproductive 

dysfunctions [90–94]. Although studies in AN with leptin replacement have not been 

performed, the effect of leptin in women with HA elucidates mechanisms that are 

operational in both states and highlights the importance of a coordinated correction of all 

abnormalities [95]. Further studies evaluating the role of leptin in optimizing peak bone 

mass accrual and the actual reduction of fracture risk in the long term in both groups of AN 

and HA subjects remain to be fully elucidated.

Although these novel treatment options bring promises, one could argue that the correction 

of the underlying energy deficits state via nutritional intervention should be the mainstay of 

treatment in all HA and AN subjects, as weight regain leads to the concomitant full 

normalization of all neuroendocrine axes. Although this is true, we should bear in mind that 

such intervention takes time; and while important, psychiatric interventions in AN, including 

pharmacotherapy and behavioral interventions, might yield varying degree of success [96]. 

In the meantime, the hormonal and neuroendocrine abnormalities continue to take a toll on 

bone health, resulting in the failure to achieve peak bone mass in these subjects who are 

usually at a critical stage of peak bone mass accretion, with possible long-term 
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consequences on bone health and fracture risk [97,98]. Therefore, we could envision a 

complementary role of these novel treatments in the management of AN as a means to 

optimize bone health while awaiting adequate weight regain to be achieved.

Moving forward, further longer-term studies including comparative studies are necessary to 

evaluate which of these novel therapies, either in isolation or in combination, will be the 

most ideal in optimizing bone health in women with AN and HA. Treatment aimed at 

achieving peak bone mass in this group of often young female patients who are at a critical 

stage of bone mass accrual might be more important than that merely preventing continual 

bone lost. In addition, larger trials focusing on stress fractures are needed. Besides bone and 

reproductive health, the possibility that AN may result in multiple health consequences 

including cardiovascular complications and increased mortality [99,100] suggests that the 

impact of these conditions on health may involve multiple pathophysiological abnormalities. 

Therefore, treatment addressing the entire multitude of hormonal, reproductive, 

neuroendocrine, and bone abnormalities will likely yield more significant outcomes in 

contrast to targeting isolated hormonal deficiencies. Lastly, as the target subjects are usually 

young and active women, treatment regimen with convenient dosing without subcutaneous 

or other invasive route of administration will be helpful in improving acceptance and 

compliance. Future research will hopefully bring about better treatment options that will 

allow these two conditions to be treated more appropriately and effectively.
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