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Anorexia nervosa (AN) is a complex eating disorder characterized by self- 

induced weight loss, distorted body image, and profound endocrine 

dysregulation. In adolescents, the illness leads to growth failure, pubertal 

delay, amenorrhea, and compromised bone mineral accrual. This mini review 

synthesizes current evidence regarding the pathophysiology and management 

of endocrine disturbances in adolescents with AN, with a particular focus on 

therapeutic strategies for growth failure, pubertal arrest, and reduced bone 

mineral density. Endocrine abnormalities in AN involve adaptive suppression 

of the hypothalamic–pituitary–gonadal, –adrenal, –thyroid, and –growth 

hormone axes. Nutritional rehabilitation remains the cornerstone of recovery, 

as restoration of energy balance normalizes gonadotropin secretion, 

promotes catch-up growth, and improves bone accrual. Among hormonal 

options, physiologic transdermal estrogen is currently the only evidence- 

based strategy for improving bone density and supporting reproductive 

recovery. Adjunctive therapies such as rhGH, rhIGF-1 or DHEA may hold 

potential in specific subgroups but require further validation through larger, 

age-specific randomized trials.
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Introduction

Anorexia nervosa (AN) is a severe eating disorder characterized by low body weight, 

distorted body image, and restrictive caloric intake. Epidemiological data indicate a 

lifetime prevalence ranging from 0.3% to 1.5% in females and 0.1% to 0.5% in males 

(1). Beyond its profound psychological and nutritional consequences, AN is associated 

with significant complications in adolescents, including delayed puberty, amenorrhea, 

stunted growth, and reduced bone mineral density (BMD).

The pathophysiology of this hormonal dysregulation in AN is multifactorial with 

nutritional deficiency serving as the primary contributing factor.

This mini review provides a practical overview of endocrine consequences and 

therapeutic considerations in adolescents with anorexia nervosa. Although the disorder 

also affects males, most pediatric endocrine evidence concerns females. Therefore, the 

discussion primarily re,ects this population. Other restrictive eating disorders are 

beyond the scope of this review.
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Hypothalamic-pituitary-gonadal axis

Energy deprivation and reduced fat mass suppress the 

hypothalamic–pituitary–gonadal axis by impairing gonadotropin- 

releasing hormone (GnRH) pulsatility, leading to diminished 

luteinizing hormone (LH) and follicle-stimulating hormone (FSH) 

secretion and, consequently, reduced ovarian steroidogenesis. This 

results in hypoestrogenism and hypoandrogenism, disrupting 

normal reproductive function and causing anovulation, 

amenorrhea, or arrested puberty in affected females (2–4). The 

accompanying estradiol deficiency compromises bone accrual, 

lowers bone mineral density, and alters bone geometry during a 

period in which adolescents typically gain most of their peak bone 

mass. Androgen levels are likewise reduced, contributing further to 

impaired bone health (5). Relative androgen and estrogen 

deficiency has also been linked to greater severity of depressive and 

anxiety symptoms in women with AN (6, 7).

Growth hormone-insulin-like growth 
factor-1 axis

Under physiological conditions, growth hormone (GH) 

stimulates hepatic insulin-like growth factor-1 (IGF-1) production, 

which mediates its anabolic actions on bone and muscle. In 

anorexia nervosa, GH levels are markedly elevated whereas IGF-1 

levels are reduced, re,ecting acquired GH resistance (8–10). Several 

mechanisms contribute to this GH–IGF-1 dysregulation. First, 

hypoinsulinemia associated with malnutrition decreases IGF-1 

synthesis, as insulin is required for optimal GH signaling in the 

liver (11). Second, low leptin levels and alterations in other 

metabolic hormones (e.g., ghrelin, peptide YY) impair 

hypothalamic regulation of the GH–IGF-1 axis. Increased levels of 

ghrelin cause increased growth hormone secretion.

Third, increased cortisol secretion in AN may further suppress 

IGF-1 production (12). Clinically, low IGF-1 levels are strongly 

associated with reduced BMD, delayed puberty, and impaired 

longitudinal growth in adolescents with AN (8).

Hypothalamic-pituitary-adrenal (HPA) axis

Cortisol secretion is regulated by the HPA-axis, in which 

corticotropin-releasing hormone (CRH) from the hypothalamus 

stimulates pituitary release of adrenocorticotropic hormone 

(ACTH), which in turn promotes adrenal cortisol synthesis. In 

AN, this regulatory system is typically hyperactive, producing 

sustained hypercortisolemia that promotes bone resorption, 

reduces muscle protein synthesis, and contributes to anxiety and 

depressive symptoms (2, 9). Excess cortisol also inhibits GnRH- 

secretion, thereby contributing to hypogonadotropic 

hypogonadism (9). Furthermore, as described earlier, elevated 

cortisol levels may suppress hepatic production of IGF-1 (12).

Hypothalamic-pituitary-thyroid (HPT) axis

Patients with AN often present with biochemical and clinical 

features consistent with euthyroid sick syndrome. This condition 

is characterized by reduced peripheral conversion of thyroxine 

(T4) to its active form, triiodothyronine (T3), as an adaptive 

response to prolonged caloric restriction or chronic illness.

Suppression of the HPT-axis results in an attenuated TSH 

response despite low thyroid hormone levels, while malnutrition 

and reduced IGF-1 further contribute to decreased thyroid 

gland volume. Clinically, these endocrine alterations manifest as 

bradycardia, hypotension, and hypothermia, which are 

hallmarks of metabolic adaptation in undernourished states (2).

Thyroid hormones also play a critical role in skeletal 

metabolism by regulating osteoblast and osteoclast activity. 

Consequently, thyroid dysfunction in AN may further 

exacerbate bone mineral density loss (13). A recent study by 

Wronski et al. (14) reported a correlation between low T3 

concentrations and the severity of depressive symptoms in 

individuals with AN. Although there is some interest in 

exploring low-dose thyroid hormone supplementation to address 

psychiatric comorbidities, current clinical guidelines advise 

against such intervention, as exogenous thyroid hormone 

replacement may interfere with this physiological adaptive 

response to energy deprivation (14).

Clinical consequences of endocrine 
dysregulation

Effects on growth

Linear growth is often compromised in children and 

adolescents with AN, particularly when the illness begins before 

or during the pubertal growth spurt. Chronic energy deficiency 

and GH resistance reduce IGF-1 bioactivity, leading to 

diminished height velocity and, in some cases, lower final adult 

stature. Although partial catch-up growth may occur after 

nutritional rehabilitation, meta-analytic evidence shows that 

recovery is frequently incomplete, especially in early-onset or 

long-standing illness (15). Rozé et al. identified prolonged 

hospitalization, a marker of illness severity, as the only 

significant predictor of reduced final height in early-onset AN 

(16). Modan-Moses et al. similarly reported that patients 

diagnosed before age 13 or shortly after menarche had more 

severely impaired height velocity, with incomplete height 

recovery despite weight restoration (17).

Effects on puberty and menstrual function

AN represents approximately 0.9% of cases of pubertal delay 

cases in adolescents (3). Hypothalamic hypogonadism is a key 

endocrine feature and results in delayed puberty, primary 

amenorrhea, or secondary amenorrhea in up to 90% of affected 

girls. Even modest weight loss of 10%–15% can disrupt 

gonadotropin secretion and precipitate menstrual cessation (2). 

The resumption of menses is most strongly associated with 

weight restoration, increased body fat mass, and rising leptin 

levels. However, in some patients menstrual function remains 

impaired, suggesting persistent hypothalamic suppression or 

long-lasting alterations in GnRH pulsatility (18).
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Several studies have examined predictors of these menstrual 

disturbances. Rozé et al. followed girls with early- or 

prepubertal-onset AN into adulthood and identified two 

independent predictors of delayed menarche: older age at illness 

onset (p = 0.0003) and lower minimum BMI during the course 

of illness (p = 0.004), indicating that both timing and nutritional 

severity shape pubertal development (16). Similarly, Demp,e 

et al. studied 172 adolescent girls with AN and found that 47% 

resumed menstruation within 12 months. Higher BMI at the 

beginning and end of treatment, greater weight gain, shorter 

amenorrhea duration, and later age at menarche were associated 

with menstrual recovery, which typically occurred once patients 

reached approximately 90%–95% of expected body weight 

(15th–20th BMI percentile) (19).

Effects on bone health

The skeletal system is markedly compromised in AN due to 

the combined effects of hypoestrogenism, GH resistance with 

low IGF-1, hypercortisolemia, and altered appetite-regulating 

hormones, all of which shift bone turnover toward resorption 

(3, 4, 20). Patients with AN also show increased marrow adipose 

tissue (MAT), which is inversely related to BMD because it 

re,ects a shift of mesenchymal stem cells toward adipogenic 

rather than osteoblastic differentiation (9). Clinically, osteopenia 

occurs in up to 90% of adult women with AN, while 30%–40% 

meet criteria for osteoporosis, with fracture risk increased up to 

sevenfold and particularly high in early-onset cases (20). 

Because adolescence is critical for achieving peak bone mass, 

skeletal deficits acquired during this period may be only 

partially reversible.

Therapeutic approaches

Growth

Recombinant human growth hormone (rhGH) has been 

explored as an adjunctive treatment for growth failure in 

adolescents with AN, yet its overall efficacy remains limited 

because hepatic GH resistance typically persists under 

malnourished conditions. In adults with AN, even 

supraphysiologic GH doses do not increase circulating IGF-1, 

although reductions in fat mass have been observed, likely due 

to GH-mediated lipolysis. GH and IGF-1 levels generally 

improve during refeeding, underscoring the primacy of 

nutritional rehabilitation for restoring growth-related endocrine 

function (2).

In contrast, pediatric studies have reported more favorable 

outcomes. The pilot study by Léger et al. (10) examined the 

impact of rhGH (daily subcutaneous injection of rhGH at a 

mean initial dose of 0.040 ± 0.006 mg/kg/day) on linear growth 

in adolescents with AN and severe growth retardation. The 

study included 10 adolescents with AN (mean age 13.5y). 

During treatment, a significant increase in growth velocity was 

observed, with mean annual height gain rising from 

+1.1 ± 0.8 cm/year before therapy to +4.2 ± 1.2 cm/year during 

rhGH administration (p < 0.01). These findings suggest that 

rhGH may stimulate linear growth in nutritionally compromised 

adolescents with AN, even in the context of persistent energy 

deficiency. Nevertheless, the study’s small sample size and 

absence of a control group limit the generalizability of the 

results (10). Building on these findings, the same research group 

(21) conducted a randomized, placebo-controlled trial in 

younger children with anorexia nervosa and persistent growth 

failure (N = 14), demonstrating that GH therapy (0.050 mg/kg/ 

day) significantly improved height velocity and IGF-1 

concentrations after six months, although this effect diminished 

by twelve months and did not translate into gains in bone 

mineral density (21).

Overall, current evidence indicates that rhGH may transiently 

improve IGF-1 levels and certain growth parameters in 

malnourished children and adolescents with anorexia nervosa, 

but its effects are modest and temporary. Given the small and 

largely uncontrolled nature of existing studies, rhGH should be 

considered only as an adjunctive therapy. Nutritional 

rehabilitation remains the essential and most effective 

intervention, as restoration of adequate energy balance is the 

primary determinant of endocrine normalization and catch- 

up growth.

Amenorrhea and pubertal delay

Endocrine recovery through hormone replacement therapy 

(HRT) has been explored through interventional studies.

A pilot study of Léger et al. explored the effects of rhGH on 

height velocity in 10 adolescent girls with AN, all of whom had 

severe growth failure and delayed puberty (10). They also 

observed pubertal progression in these patients. The participants 

received rhGH treatment for at least 18 months, with growth 

parameters and pubertal status monitored throughout treatment 

and follow-up. Over the two-year treatment period it was 

documented that 7 out of 10 girls achieved spontaneous 

menarche, with a median time of 2.6 years (range 1.3–2.9) from 

treatment initiation. However, the study does not include a 

control group, making it difficult to separate the effects of rhGH 

from natural recovery due to nutritional and weight stabilization.

A randomized placebo-controlled trial of Misra et al. (22) 

evaluated the effects of physiologic transdermal estrogen 

replacement in adolescent girls ages 12–18 years with AN 

(N = 110). Participants in the treatment arm received 

transdermal 17β-estradiol administered via patch at 0.025 mg/ 

day, with the dose increased to 0.0375 mg/day after 6 months, 

along with oral micronized progesterone (200 mg for 10 days 

each month) to ensure endometrial protection. At baseline, no 

significant differences were observed between the estrogen- 

treated and placebo groups in terms of pubertal maturity, BMI 

or baseline bone mineral density parameters. Although the 

primary outcome was bone density, the study also examined 

menstrual recovery. After 18 months, 55% of adolescents 

receiving estrogen had resumed menses compared with 20% in 

the placebo group, suggesting that physiologic estrogen may 

help reactivate the HPG axis in partially weight-restored 

adolescents. Nevertheless, the authors emphasized that estrogen 

cannot replace nutritional rehabilitation, and that these findings 
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must be interpreted in light of the inclusion of relatively weight- 

stable adolescents with persistent amenorrhea (22).

Bone health

Estrogen therapy has been widely investigated in AN. Oral 

estrogen–progestin combinations consistently fail to improve 

BMD in adolescents, likely due to suppression of hepatic IGF-1 

synthesis. However, Misra et al. (22) conducted a randomized, 

double-blind, placebo-controlled trial to assess the effect of 

physiologic estrogen replacement on BMD in adolescent girls 

with AN. Over an 18-month period, 110 girls with AN received 

transdermal 17β-estradiol (100 μg twice weekly) combined with 

cyclic progesterone if pubertally mature, or low-dose oral ethinyl 

estradiol (3.75 mg daily for the first 6 months, 7.5 mg daily for 

the second 6 months, and 11.25 mg daily for the last 6 months) 

if immature. Compared with placebo, estrogen-treated 

participants showed significant increases in lumbar spine and 

hip BMD Z-scores (p = 0.04), with gains comparable to those 

seen in healthy controls. Physiologic estrogen replacement did 

not suppress IGF-1 levels, preserving its anabolic in,uence on 

bone metabolism. These findings support the use of physiologic, 

rather than pharmacologic, estrogen replacement to promote 

bone health in adolescents with AN. However, the study was 

limited by a relatively short follow-up period and a high 

attrition rate, and long-term effects on final bone mass and 

reproductive recovery remain uncertain.

Building upon these findings, Singhal et al. conducted a 

double-blind, randomized, placebo-controlled trial to determine 

whether the addition of recombinant human insulin-like growth 

factor-1 (rhIGF-1) would provide additional skeletal benefits (5). 

Seventy-five adolescents and young women with anorexia 

nervosa received either transdermal estradiol alone or in 

combination with rhIGF-1 at a dose of 30–40 µg/kg 

administered subcutaneously twice daily for twelve months. 

Transdermal estradiol significantly increased lumbar spine bone 

mineral density compared with placebo (p = 0.004), but the 

addition of rhIGF-1 did not further enhance bone density.

Other anabolic strategies have yielded mixed results. DiVasta 

et al. found that combined dehydroepiandrosterone (DHEA) 

and oral estrogen-progestin therapy preserved femoral BMD and 

improved cortical geometry in young adults with AN (23). 

However, their later trial in adolescents showed no benefit and 

even declines in BMD among those with open growth plates, 

suggesting that response to DHEA–estrogen therapy is strongly 

dependent on skeletal maturity (24).

Bisphosphonates show some efficacy in adults with AN, but 

limited adolescent data and safety concerns preclude their 

routine use (25).

Recommendations in treating 
adolescents with AN

Diagnostic assessment

Initial evaluation should include a detailed personal and 

family medical history (including parental heights for calculation 

of mid-parental target height and parental pubertal history), 

pubertal staging, and a thorough somatic examination to 

identify the impact of malnutrition and to determine the need 

for inpatient management. Laboratory investigations should 

assess for metabolic and electrolyte abnormalities, endocrine 

changes, and other conditions mimicking AN (26).

Nutritional rehabilitation and prevention of 
refeeding syndrome

Nutritional rehabilitation remains the cornerstone of 

treatment. Individualized weight targets are based on premorbid 

BMI, growth history, and pubertal stage, aiming to restore the 

child’s pre-illness BMI trajectory (27). Approaches proposed in 

the literature include percentage of expected body weight (% 

EBW) based on CDC growth charts, with evidence suggesting 

that approximately two-thirds of adolescents resume menses at 

95% EBW (4, 26).

Expected weight gain is 200–500 g/week in outpatients and 

0.5–1.5 kg/week in inpatients. Initial caloric intake typically 

begins around 250 kcal/day above baseline, with gradual 

increases every few days. For children at high risk of refeeding 

syndrome, especially those with >20% weight loss or ECG 

abnormalities, the UK Medical Emergencies in Eating Disorders 

(MEED) guideline recommend cautious refeeding, starting at 5– 

10 kcal/kg/day under close monitoring (28).

Preventive phosphate supplementation (20 mg/kg/day, 

divided doses for at least one month) and correction of 

potassium and magnesium are essential to reduce refeeding 

syndrome risk. Vitamin D (100,000 IU every 3 months) and 

calcium (1,000–1,500 mg/day) are recommended to support 

bone mineralization (27).

Pharmacological and hormonal treatment

To date, no pharmacological agent has proven effective for 

weight restoration or core symptom reduction in children or 

adolescents with AN.

Physiological transdermal 17β-estradiol replacement with 

cyclic oral progesterone (as described by Misra et al., 2011) may 

be considered to support bone health in partially weight- 

restored adolescents under endocrinological supervision (22).

Psychological and family-based 
interventions

All major guidelines agree that family-based therapy (FBT) is 

the evidence-based first-line intervention for adolescents with AN. 

Cognitive-behavioral therapy (CBT-E) or multifamily therapy may 

be employed as adjuncts or second-line approaches. For younger 

children, parental involvement is particularly critical to re- 

establish normal eating patterns and reduce illness-related 

behaviors (27).

Both the NICE guidelines (29) and AAP guidelines (26) stress 

that diagnosis and management of AN in children should occur 

within a multidisciplinary specialist team with expertise in 
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pediatric and mental health care. They both emphasize early 

intervention, nutritional restoration, and psychological treatment 

as first-line care, recommending FBT as the treatment of choice 

for children and adolescents.

Follow-up and long-term care

Ongoing monitoring should continue for at least 12 months 

after remission. Clinical review should include weight, height, 

vital signs, psychological status, and laboratory parameters. Bone 

age assessment is warranted in cases of delayed growth or 

puberty, while bone densitometry is indicated every two years or 

as clinically necessary. Educational reintegration should be 

encouraged, and care continuity ensured through coordination 

between pediatric, psychiatric, and educational professionals.

Conclusion

Endocrine dysfunction in adolescent anorexia nervosa 

represents a complex adaptive response to chronic energy 

deprivation, manifesting as hypogonadotropic hypogonadism, 

growth hormone resistance, hypercortisolemia, and thyroid 

suppression. These alterations disrupt pubertal progression, 

impair growth, and compromise skeletal development during a 

critical period of maturation.

Nutritional rehabilitation remains the primary determinant of 

endocrine and reproductive recovery. Evidence supports 

physiologic transdermal estrogen replacement as the most 

effective adjunctive therapy for improving bone mineral density 

and promoting menstrual resumption in partially weight- 

restored adolescents. Conversely, oral estrogen or combined oral 

contraceptives offer limited or inconsistent benefit. Recombinant 

growth hormone and IGF-1 administration may transiently 

improve growth or bone markers but fail to produce sustained 

skeletal gains, highlighting the dominance of nutritional and 

metabolic restoration over pharmacologic manipulation.

Future research should focus on individualized, age- 

appropriate interventions, incorporating hormonal replacement 

only after nutritional stabilization and under strict 

endocrinological supervision. Long-term studies are needed to 

assess the safety, efficacy, and reproductive outcomes of 

emerging therapies such as leptin analogues and bone-active 

agents. Ultimately, a multidisciplinary approach integrating 

nutritional, psychological, and endocrine management remains 

essential to optimize somatic and reproductive outcomes in 

adolescents with anorexia nervosa.
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