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Consensus statement

Table 1 Female health domains and their definitions

Health domain Domain abbreviation ~ Definition

Menstrual and other gynaecological health D-MG The health of the menstrual cycle and female reproductive organs and tract.

Preconception/Assisted reproduction D-AR Undergoing treatments to assist in becoming pregnant without sexual intercourse.”

Pregnancy D-PR The condition of being pregnant.*

Postpartum D-PO Immediately follows childbirth until 2 years* postchildbirth.

Menopause D-ME The transitional time between perimenopause and postmenopause, when menstruation
surceases.’

Breast health D-BH The health of the mammary glands.*

Pelvic floor health D-PF The physical and functional integrity of the pelvic floor unit through the life stages of an
individual (male or female).”

Breast feeding, parenting and caregiving D-BP Providing direct care for another individual who needs help taking care of themselves (eg, a
baby, child, the elderly, chronically ill), including suckling milk from a mother’s breast.

Mental healtht D-MH The psychological, emotional and social well-being™ of an athlete.

Sport environmentt D-SE The physical and social context within which athletes train and compete.

*Based on WHO breastfeeding recommendation”” and mental health outcomes.™

tThis health domain is particularly prevalent but not unique to female athletes only. Consideration should be given to all athletes.
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HPS HPA HPG
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Hypothalamus - Pituitary Hypothalamus Hypothalamus - Pituitary - Hypt?th.alamus -
— somatotropic — Pituitary - Adrenal Pituitary -
thyroid Gonadal
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Hypothalamus — Pituitary — Gonadal

Female HPG Axis
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HPG — Panel A: KNDy Pulse Gens>~—%*~=_ 1 BDB=anel B: Clinical Map (FHA vs PCOS)

Kisspeptin (KISS1/Kiss1r)

1‘1‘ siiggulates GnRH neurons...
A

_—
A
Ty
—

Modulators
Leptin ¢ Insulin
e Cortisol

Sleep/Circadian » > ’,’..;’/’
Energy ”‘;’/
Availability (EA) ..,,’
-

GnRH Pulsd Generator --"""'*-.-.....
— Pituitargk (LH/FSH) -

-
e’ -
- - -
Neurokinin B . P2ynorphin (PDYN/KOR)
(TAC3/NK3R) A a_ terminates/limits
T excites KNDy pulse pulse

E2 / P4 feedback
(modulate KNDy —
GnRH)

Panel A — KNDy pulse generator (Kisspeptin-NKB-Dynorphin) - GnRH; feedback by E2/P4; modulators: leptin/insulin/cortisol/sleep/EA (2021-2024 reviews).

HPG Axis (GnRH —» LH/FSH -
Ovary; E2/P4 feedback)

i —

PCOS — Insulin Resistance /

FHA — Functional Hypothalamic Amenorrhea
Drivers: Low Energy Availability /

Stress
Levers: T EA, | training load/volume,

stress management, sleep 7-9h

Hyperandrogenism
Levers: Vigorous aerobic + Resistance
(weekly mix)
Mediterranean-style nutrition; weight-

neutral or loss if needed

Caution: Combined Oral Contraceptive (COC) use =
recovery of HPG — do not use as outcome marker.
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[ Figure 2 — Clinical HPG Map: FHA vs PCOS (with Exercise/Nutrition Levers)

HPG Axis: GnRH - LH/FSH -
Ovary — E2/P4 feedback

e g
FHA — Functional Hypothalamic i i
Amenorrhea PCOS — Insulin Resistance /

Hyperandrogenism
Exercise/Nutrition Levers:
e Vigorous aerobic (=75-150 min/wk)
+ Resistance 2-3 d/wk
e Mediterranean-style diet,
fiber/protein timing; weight-neutral
or loss if needed
e Sleep/circadian hygiene; monitor
mood & recovery

Drivers: Low Energy Availability
(EA) / Psychological stress / Excess
training load

Exercise/Nutrition Levers:
e T EA to =30-45 kcal/kg FFM/day

e | weekly volume 10-30% and manage
intensity
e Sleep 7-9h; stress-reduction;
iron/calcium/vitD sufficiency

Caution — Combined Oral Contraceptives (COC) = HPG recovery
indicator. Do not use COC use as the outcome marker.

Red box: FHA/LEA branch < Green box: PCOS/IR branch < Blue arrows: conceptual flow from HPG axis
to clinical pathways



Hypothalamus — Pituitary — Adrenal
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hypothalamus ME_S oA V \
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releasing
anterior__ £ hormone
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\ hypothalamus
adrenocorticotropic
/ SORNB. pituitary gland
adrenal ik
gland ¢
kidney \
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adrenal glands

many effects
in the body



HPA Axis in Women — Hypothalamus (CRH/AVP) - Pituitary (ACTH) -
Adrenal (Cortisol/DHEA)

SCN/Circadian + Ultradian pulses  CAR
(Cortisol Awakening Response) ¢ Diurnal slope

= = e e e

Pituitary (Corticotroph)
Hypothalamus e« ACTH — Adrenal Cortex — Zona

e CRH = AVP release > : . N fasciculata
* Negative feedback by pulsatile/diurnal e Cortisol + DHEA synthesis

cortisol (GR/MR) ° Integra-tlon of stress e Systemic effects + feedback
signals u
P
1+ 1+
Modulators — Pituitary
Modulators — Hypothalamus . 4
- _ Hypoglycemia
SIeep quallty ..PsyChOSOCIal |nfection/inflammation Modulators — systemiC/MetabO"C
stress » _P?ln/f:entral (IL-6/TNF-a) Low Energy Availability (LEA) »
sensitization Dehydration/heat Nutrition timing (CHO/protein) «

Hydration/sodium

Tissue Access & Metabolism
* CBG/Albumin binding vs Free

. cortisol
Dr. Arman rastegari * 118-HSD1 (activation in
liver/adipose)
e 11B3-HSD2 (inactivation in
kidney/placenta)
* Cortisol & Cortisone shuttle

Blue arrows: core HPA flow ¢ Red dashed: negative feedback ¢ Grey
arrows: modulators - nodes



Relative Cortisol (arbitrary units)
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Note: Schematic curve for teaching (not measured data).
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Diurnal Cortisol Profile — CAR and Daytime Decline

== Djurnal cortisol with :CAR

:CAR (~0-45 min after wake}) :
: : Late evening

Diurnal decline

Better sleep / morning lightY breakfast — healthier CAR

Late caffei screen light / stress — flatter slope

5 10 15 20
Time of Day (hours)
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[ Figure C — Tissue Map: 11B-HSD Shuttle & Cortisol Access (Women)

Binding/Transport: CBG & Albumin vs Free
cortisol — only Free enters tissues

11Bp-HSD1 — activation
{Cortisone — Cortisol)

CORTISONE CORTISOL

2 — inactivation
rtisol — Cortisone)

i
Brain — GR /

Hiver & Adlp:f:H 11p-HSDL MR fltes Kidney & Placenta — 11p-HSD2
e Local activation — Hippocampus, . . t_l'"Gﬂ Corticol -
(_.'.'ortisone — Co_rtisol ) Amygdala, nac lvgolrc::'i‘soneo iso

* Adlpose HSBL -T ":‘ obesity PFC e Protects mineralocorticoid

— metabolic risk i e Stress receptor (kidney)
* Supports gluconeogenesis & circuits & e Placental barrier (limits
adipose lipolysis/insulin negative fetal exposure)
antagonism (context) feedback to
HPA

Blue arrows: activation/HSD1 pathway < Red dashed/back arrows: inactivation/HSD2 < Grey: general
access/effects * Note: schematic for teaching



Acute ACTH/Cortisol Response (relative units)

1.4F
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)39 W & Jg w395 g ACTH 2wl

Schematic: Intensity-ACTH/Cortisol Response

== Steady-state Aerobic - -
== = Resistance (high volume, short rest) S o~ o — —
= |ntervals / HIIT (near-threshold) ; ;

Conceptual curves for teaching; not measured data.

20 40 60 80 100
Relative Intensity (%VO2R or %1RM; RPE 0-10)
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1l — Sleep & Light Hygiene (Foundation)

7.5-9 h opportunity ¢ Consistent schedule « Morning light 5-15"
e Limit evening light/caffeine « Wind-down routine ¢ Quiet,
cool, dark bedroom.

2 — Nutrition Timing & Hydration

Peri-workout CHO 0.6-1.2 g/kg * Protein 0.3 g/kg per meal (total
1.6-2.2 g/kg/day) * Fluids + sodium in heat *
Iron/calcium/vitamin D sufficiency (food-first).

3 — Load Management (Deload/Zone-2)

Reduce weekly volume 10-30% for 1-2 weeks ¢ Cap HIIT to 1-2x/wk
e Add Zone-2 (2x30-45’) « Strength with adequate rest « RPE-
based autoregulation.

4 — Mind-Body & HRV Biofeedback

Breathing drills (slow 4-6 cpm), mindfulness, yoga/taichi; short
nature exposure; social connection. Consider educational HRV
tracking (non-diagnostic).

5 — Referral / Red flags

Start at Step 1 and progress upward as needed. Reassess
sleep, load, and energy weekly. Educational graphic — not
diagnostic.
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Figure F — HPA Axis Across Female Life Stages: Pregnancy, Postpartum, }

Menopause

Pregnancy

e Placental CRH & ACTH T
e CBG & total cortisol T,
free stable
e Fetal protection via

113-HSD2
e Maternal adaptation: T
energy & stress tolerance
e Exercise: moderate,

thermoregulated, hydration

emphasis

Each stage modifies HPA drive, cortisol metabolism, and exercise/nutrition priorities.
schematic, not diagnostic.

Postpartum

* Placental CRH removed -
axis reset
e Blunted CAR common weeks
1-6
e Sleep fragmentation —
stress reactivity T
e Gradual load return,
social support, morning
light
e Nutrition: iron, DHA,
hydration, small meals

[ Menopause

e Estrogen | - GR
sensitivity T (variable)
e Sleep/thermoregulation

disturbances
e Cortisol rhythm

flattening possible
* Exercise: combined
aerobic+resistance;
mind-body adds resilience
e Nutrition: protein
adequacy, phytoestrogens,
vitamin D

Educational
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Hypothalamus — Pituitary — thyroid
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HPT AXxis — Horizontal (Larger Boxes ¢ All Text Inside)

|

Hypothalamus  _ Pituitary __,  Thyroid Gland
TRH TSH T4 /T3
Todine Synthesis
e ™ (thyrocyte):
e NIS - I-

Corsamicarion. > * TPO: iodination
e TG; MIT/DIT -» T3/T4

Iron deficiency —» —
TPO activity

Peripheral conversion: Selenium Transport:
D1/D2: T4 ->T3 (SeT) ases) * TBG $= TBG / Transthyretin /
D3: inactivation (-) Albumin

Total T4 T (Estrogen TTBG)
Free T4/T3 = bioactive

Abbrev: NIS, TPO, TG, MIT/DIT, D1/D2/D3, TBG. LT4 spacing with calcium/iron/coffee; ensure iodine sufficiency; avoid
excess.
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HPT in Women — Pregnancy/Postpartum ¢ Autoimmunity ¢ Lifestyle « Cycle/ART

Pregnancy / Postpartum

hCG — TSHR stimulation (1)

Estrogen T TBG —» Total T4 1
Autoimmunity

Hashimoto (TPOADb 1) — Hypothyroid

Graves (TRADb stimulating) T T4/T3

Cycle * Fertility = ART

Hypothyroid: menorrhagia/anovulation (1 fertility)...

Hyperthyroid: oligomenorrhea / cycle irregularity...

ART/IVF: keep TSH in target...

TSH | (1st trimester)

Postpartum thyroiditis: Hyper —» Hypo

[ Lifestyle & Nutrition

lodine (adequate) T synthesis

lodine excess — organification
Iron deficiency — TPO activity
Selenium adequate T D1/D2

Sleep/Circadian misalignment — HPT
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Exercise Traffic Light — Thyroid Conditions

Hypothyroid Training Hyperthyroid Training

Aerobic: Low - Moderate Intensity Low-Impact Activities (Yoga, Pilates, Wal

Progressive Resistance Training Breathing & Mindful Movement

Long Warm-up (10-15 min) Avoid: Heat Exposure / HIIT / Overtraining

Focus: Thermogenesis & Energy Drive e Focus: Cooling, Parasympathetic Tone

Caution: Fatigue — increase slowly e Caution: Heart Rate & Anxiety

Progressive resistance (Hypo) | HIIT avoidance (Hyper)



Hypothalamus — Pituitary — somatotropic
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HPS (Somatotropic) Axis — Hypothalamus ¢ Pituitary * Liver (IGF-1) — with
Peripheral Targets

4------------------------4------------------
Hypothalamus Pituitary (Somatotroph) Liver
e GHRH 1 : 't_?";df : e IGF-1 + IGFBP-3 + ALS
. ulsatile/diurna
e Somatostatin | —— . glee (SWS) T GH —— (ternary complex)
e Ghrelin 1 P ) e Oral estrogen | IGF-1
(pulses) * Exercise (hepatic first-pass)
P intensity/volume T GH P ) P
» P * Negative feedback to
\\ Low Energy Availability (REDs) [, Hypothalamus/Pituita ry
A S e« GH 1 + IGF-1 ! (hepatic GH 4
N resistance) v
e Menstrual, bone, recovery
impacts
’r—
Muscle
e IGF-1 - PI3BK-Akt-mTOR 1 Bone . .
protein synthesis e GH/IGF-1 T formation & Ac_llpose_ Tissue
e Satellite cell activation turnover *GH 1 Ilpol¥5|s (!'|5|_-/ATGL)
— hypertrophy e Supports growth, BMD * IGF-1 insulin-like
* GH - tendon collagen and micro-architecture (context-dependent)

remodeling

Blue arrows: core axis °* Green arrows: IGF-1 peripheral actions
* Red dashed arrows: nhegative feedback ¢ Red box: REDs/LEA



Acute GH Response (relative units)

1.6

1.4}

=
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Schematic: Intensity-GH Response

== Steady-state Aerobic
Resistance (60-80%1RM, short rest) -
Intervals (near-threshold/HIIT) E

VT2

Dr. Arman rastegari

20 40 60
Relative Intensity (%VO2R or %1RM; RPE 0-10)

80

100



Effect of Estrogen Pathway on the HPS Axis — Oral vs Transdermal

‘l-------------------*---------------------

H thal Pituitary Liver (Hepatic IGF-1
ypothalamus (Somatotro
. ph) system)
GHRHJT 'G'-';f‘°":?t°TStat'“ - GH — — IGF-1 + IGFBP-3 + ALS
refin pulsatile/diurnal (ternary complex)

Feedback to
Hypothalamus/Pituitary

Oral Estrogen (First-pass hepatic)
e | IGF-1 (hepatic production)
e T GH (via reduced feedback)
e Possible | IGFBP-3/ALS (context)
— monitor adaptation & nutrition

Transdermal Estrogen (Patch/Gel)
e Minimal hepatic first-pass

e IGF-1 = stable: GH pulses — Clinical note: choose route-specific interpretation
_' of GH/IGF-1. For athletes on OCP/HRT (oral), expect
baseline lower IGF-1 with higher GH; prioritize performance,

— often neutral for training metrics recovery, and nutrition over isolated GH values.
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[ REDs Pattern Map — Relative Energy Deficiency in Sport (Women)

Hormonal / Metabolic
Signature
e Menstrual axis
(GnNnRH/LH/FSH) | pulsatility
e Thyroid T3 | (energy
conservation)
e Bone turnover |
(formation)
e Glucose control &
immunity impacted

Performance & Recovery
e Fatigue, mood, illness
susceptibility
e | strength/power; slow
recovery
e GI/GU complaints,
thermoregulation issues

Center red: Low Energy Availability. Blue arrows: downstream
return-to-energy.

Low Energy Availability (EA)

e EA < 30 kcal/kg FFM/day

(risk)

L o e GH T + IGF-1 ! (hepatic e
GH resistance)
e Leptin | Insulinl T3 1l

Cortisol T

Screening:
LEAF-Q ¢ 10C
REDs CAT2

Reproductive & Bone

Outcomes
e Oligo/amenorrhea;

luteal defects
e BMD | -+ Bone stress
injuries T
* Fertility concerns &
injury risk

Return-to-Energy (Food-first)
e Target EA 30-45 kcal/kg
FFM/day
e CHO timing: 1.0-1.2 g/kg in
4h post
* Protein 1.6-2.2 g/kg/day;
Ca/VitD
* Reduce load 10-30% + sleep
7-9h
e Use LEAF-Q & 1OC REDs CAT2;
MDT care

impacts/action. Green box: staged
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Abstract: Physical activity highly impacts the neuroendocrine system and hormonal secretion.
Numerous variables, both those related to the individual, including genetics, age, sex, biological
rhythms, nutritional status, level of training, intake of drugs or supplements, and previous or current
pathologies, and those related to the physical activity in terms of type, intensity, and duration of
exercise, or environmental conditions can shape the hormonal response to physical exercise. The
aim of this review is to provide an overview of the effects of physical exercise on hormonal levels in
the human body, focusing on changes in concentrations of hormones such as cortisol, testosterone,
and insulin in response to different types and intensities of physical activity. Regular monitoring of
hormonal responses in athletes could be a potential tool to design individual training programs and
prevent overtraining syndrome.

Keywords: athletes; physical activity; cortisol; testosterone; growth hormone; thyroid; insulin;
catecholamines

1. Introduction

It is widely acknowledged that elite athletes exhibit changes in their hormonal compo-
sition due to conditioning; that is the adaptive response to training to become physically
fit [1]. The influence of physical training on the hormonal system of athletes is intricate.
Various factors, including the intensity and length of training, diet and energy levels, gen-
der, sex, age, and stage of sexual development, all play a role in shaping the hypothalamus
and pituitary gland responses to physical strain [2]. In particular, the intensity and du-
ration of training stimulate the hypothalamic—pituitary—adrenal (HPA) axis, leading to
increased cortisol levels, while an inadequate diet and low energy availability suppress
reproductive hormones [3,4]. Gender and sex differences modulate the hormonal response,
with variations related to testosterone and estrogen levels [5]. Age affects the reactivity
of the hypothalamic—pituitary axis, with an attenuated response observed in older adults
compared to younger individuals [6]. Additionally, stages of sexual development, such
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Figure 1. Effects of intense training /OTS on different organ function. The impact of OTS, due to
too intense training or insufficient recovery, on some organ functions are summarized. Overtraining
syndrome (OTS); cortisol awakening response (CAR); triiodothyronine (T3); thyroxine (T4); insulin-
like growth factor-1 (IGF-1); insulin-like growth factor binding protein-3 (IGFBP-3); peptide YY (PYY);

bone mineral density (BMD); body mass index (BMI).
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Epigenetics of functional
hypothalamic amenorrhea
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Functional hypothalamic amenorrhea (FHA) is a temporary infertility
characterized by the suppression of the hypothalamic-pituitary—gonadal
(HPG) axis, induced by the inhibition of the hypothalamic pulsatile secretion
of the gonadotropin-releasing hormone (GnRH), in the presence of stressors,
including eating disorders, excessive exercise, and psychological distress.
Although the stressful factors that may lead to FHA are well-established, little
is known about the inter-individual variability in response to stress and the
consequent inhibition of the HPG axis. Not all women, indeed, manifest FHA in
presence of stressful conditions. Recent studies highlighted a genetic
contribution to FHA. Rare or polymorphic variants in genes that control the
development and/or function of GnRH neurons may contribute, indeed, to the
adaptability of the reproductive axis to stress factors. Also epigenetic changes
have been associated with different pathways involved in the HPG axis and
therefore, take part in FHA and confer a personal predisposition to anovulation
consequent to a stressful event, or represent biological markers of response to
stress. This review summarizes recent advances in the identification of the
contribution of (epi)genetics to FHA and to long-term complications of
functional amenorrhea, and reports insights into the involvement of
additional genetic loci in FHA development on the bases of the clinical and
molecular overlap with other gynecological and/or psychological conditions.
Finally, we describe the promising application of induced pluripotent stem cells
(iPSCs) as a new approach to investigate the molecular pathways involved
in FHA.

KEYWORDS

functional hypothalamic amenorrhea (FHA), epigenetics, susceptibility genes,
anorexia nervosa, delayed puberty
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FIGURE 1

Schematic representation of the HPG axis regulation and the FHA predisposing genes. GnRH neurons in the hypothalamus release GnRH upon
different stimuli: kisspeptin, produced by a specific group of hypothalamic neurons, is a major player in the neuroendocrine control of GnRH
and gonadotrophins secretion; ghrelin and leptin allow the regulation of GnRH secretion according to energy balance (link between HPG axis
and food intake); cortisol inhibits GnRH secretion (link between HPG axis and anxiety). FHA-predisposing genes are listed in the light blue boxes
(created with BioRender.com).




TABLE 2 Predisposing genes to gynecological and psychological conditions showing overlapping features with FHA, and to long-term
consequences of FHA.

Disorder Condition Overlapping with FHA Affected pathway Genes
involved
Gynecological  Anorexia nervosa AN is a chronic energy deficiency that leads to the suppression of the HPG Neurotrophin signaling pathway BDNF
disorders axis because of the reduced secretion of GnRH NTRK2
NTRK3
Serotoninergic and leptin pathways OPRD1
HTRDI1
EBF1
SLC6A4
Delayed puberty  Delayed puberty may occur in patients with FHA and can be considered IHH development LEPR
an early clinical sign of this condition GNRH1
TACR2
HS6ST1
FGFR1
KLB
GnRH neuron migration IGSF10
Psychological ~ Anxiety The neuroendocrine response to stress and stress-related neuronal Energy balance and anxiogenic effect of ~ NPY
disorders plasticity involves the HPG axis CRH
Mood disorders  Altered neuroplasticity related to stress Neuroplasticity, neurogenesis, neuronal ~ BDNF
survival, and differentiation
Long-term Osteopenia and  Prolonged hypoestrogenism in FHA leads to osteopenia and osteoporosis  Estrogen receptor ESR1-Xbal
consequences  osteoporosis
Vitamin D receptor VDRBsml
site
VDRFokl

site
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FIGURE 2

(Epilgenetic mechanisms possibly involved in FHA development and FHA-related long-term conseguences. Genetic mechanisms.
Polymorphisms in the Neuropeptide Y (NPY) and BDNF genes affect stress response. The NPY positively controls GnRH secretion in presence of
adequate levels of estrogen and has an anxiolytic effect by counteracting CRH activity. CRH, itself, downregulates the expression of the NPY.
NPY polymorphisms have been associated to resilience or stress-sensitive phenotypes. BDNF polymorphisms are suggested to affect
neuroplasticity and stress responses. Polymorphisms in the estrogen receptor (ESR1) and in the vitamin D receptor (VDR) genes influence bone
mineral density (BMD) and may be associated to osteopenia and osteoporosis, consequent to prolonged hypoestrogenism. Epigenetic
mechanisms. The EPA1 transcription factor controls GnRH expression and a 5'-UTR polymorphism has been associated with a higher risk of
amenorrhea in animal models. Altered methylation levels of the LEP and LEPR genes have been associated with the effect of leptin, produced by
adipocytes on the HPG axis and on the personal response to psychotherapeutic treatment in AN patients. Methylation of the ghrelin receptor
gene (GHS-R1A) are thought to be involved in ghrelin resistance affecting GnRH secretion. Specific miRNAs have been reported to control the
post-transcriptional expression of LH and FSH, and to be a promising peripheral biomarkers to control the effect of hormonal therapy in FHA
women. Light blue circles indicate polymorphic variants in genes possibly associated to response to stress or long-term consequences in FHA
women; light green rectangles indicate the epigenetic mechanisms (including transcription factors, miRNA and methylation) that can play a role
in the regulation of the HPG axis and in FHA development (created with BioRender.com).
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Abstract: Functional Hypothalamic Amenorrhea (FHA) is a condition characterized by the absence
of menstruation, which is increasingly affecting young women. However, specific recommendations
for treating and preventing this condition are lacking. Based on a review of the available literature,
this article provides practical and feasible dietary management recommendations for healthcare
professionals and researchers in women’s health and nutrition. It answers the question of what
interventions and nutritional recommendations are necessary to restore menstrual function in women
struggling with FHA. Physicians recommend an energy availability threshold of 30 kcal/kg FFM /day
to prevent FHA. Also, energy availability below and above this threshold can inhibit LH pulsation
and cause menstrual disorders. In addition, the risk of menstrual disorders increases with a decrease
in the caloric content of the diet and the duration of the energy deficit, and women with FHA have
significantly lower energy availability than healthy women. It is essential to ensure that adequate
kilocalories are provided throughout the day (regular meals that are a source of proper glucose) to
avoid a negative energy balance, as glucose has been proven to affect LH pulses and T3 and cortisol
concentrations in the body. Dietary intervention should focus on increasing the caloric content of
the diet, thus increasing energy availability and restoring energy balance in the body. Treatment
and diagnosis should also focus on body composition, not just body weight. An increase in body fat
percentage above 22% may be required to restore menstrual function. In women with FHA, even an
increase in body fat mass of one kilogram (kg) increases the likelihood of menstruation by 8%. It is
advisable to reduce the intensity of physical activity or training volume, while it is not advisable to
give up physical activity altogether. It is also important to ensure adequate intake of micronutrients,
reduce stress, and incorporate cognitive—behavioral therapy.

Keywords: functional hypothalamic amenorrhea (FHA); dietary intervention; energy availability;
energy deficit; nonpharmacological treatment of FHA

1. Introduction

Functional hypothalamic amenorrhea (FHA) is a common problem among physically
active women, especially in sports related to body shape and endurance. However, the
problem is also increasingly prevalent in women playing sports recreationally and aiming
for weight loss [1,2]. Long-term persistent FHA increases the risk of osteoporosis, cardio-
vascular disease, depression, and infertility [3,4]. It is, therefore, essential to raise awareness
of the FHA problem and identify appropriate treatments.

Functional hypothalamic amenorrhea is defined as the absence of menstruation for a
period of three or six months in a previously menstruating woman. It is associated with
the inhibition of the hypothalamic—pituitary—ovarian (HPO) axis [2—5]. Three main factors
are assumed to cause functional hypothalamic amenorrhea: psychological stress, caloric
restriction, and excessive physical activity. Unlike other causes of secondary amenorrhea,
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Figure 1. Regulation of the Reproductive System. Abbreviations: GnRH—Gonadotropin-Releasing
Hormone, LH—Luteinizing Hormone, FSH—Follicle-Stimulating Hormone, PRL—Prolactin.
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Table 1. Summary of Studies on the Impact of Energy Availability on the Menstrual Cycle.

Study

Energy Availability (EA)
Levels

Findings on LH Pulses

Findings on Menstrual
Disorders

Notes

Loucks et al. [1]

30 kcal/kg FFM /day
20 kcal/kg FFM /day
10 kcal /kg FFM /day

—20 kcal/kg FFM /day,
16%
decrease in LH pulse
frequency,

a 21% increase in
amplitude, —10 kcal/kg
FFM /day, 39% decrease in
LH pulse frequency, 109%
increase in amplitude

EA below 30 kcal/kg
FFM /day is linked to a higher
likelihood of menstrual
disorders, such as
oligo/amenorrhea

Establishes a threshold for
EA below which LH
pulsatility and menstrual
function are impaired

Koltun et al. [14]

No specific threshold
identified. Reduction from
38 to 28 kcal /kg FFM/day

Decrease in LH pulse
frequency by 0.017
pulses/hour for each unit
decrease in EA. Lower EA
also significantly reduces
LH secretion frequency

Increased risk of luteal phase
defects with lower EA.
Significant EA reductions
heighten the likelihood of
menstrual disorders

No clear threshold for EA,
but findings suggest more
severe impacts with
greater EA reduction

Liberman et al. [2]

EA < 30 kcal/kg FFM /day

LH pulse frequency
decreases and amplitude
increases with reduced EA

Menstrual disorders (luteal
phase defects, anovulation,
oligomenorrhea) become more
likely as EA decreases but can
occur even above 30 kcal/kg
FFM /day

Highlights that menstrual
disorders can occur even
above 30 kcal/kg
FFM /day, challenging the
strict threshold concept

Reed et al. [10]

FHA group:
30.9 + 2.4 kcal/kg
FFM /day vs.
36.9 £+ 1.7 kcal/kg
FFM /day in control

No specific findings on LH
pulses were provided

Women with functional
hypothalamic amenorrhea
(FHA)had significantly lower
EA compared to regularly
menstruating women

EA of 30 kcal/kg
FFM /day does not clearly
differentiate between
regular menstruation and
menstrual disorders

Abbreviations: EA—Energy Availability, FFM—Fat-Free Mass, LH—Luteinizing Hormone, FHA—Functional
Hypothalamic Amenorrhea.
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Table 2. Summary of Studies on the Impact of Increased Caloric Intake on Menstrual Recovery.

Study

Population

Intervention

Results

Conclusion

De Souza et al. [20]

Thirty-three women (age
18-35) with secondary
amenorrhea or
oligomenorrhea, BMI
16-25 kg/mz, exercising
>2 h/week

Increased caloric intake by
330 £ 65 kcal/day
(20—40%) over 12 months

Weight gain: 2.6 + 0.4 kg,
Fat mass gain: 2.0 = 0.3 kg,
Increase in T3 concentration by
9 £4ng/dL

A modest caloric surplus
(~300-350 kcal /day) is
sufficient for restoring

menstrual cycles.

Improved energy balance

leads to menstrual
recovery

ELagowska et al. [21]

Fifty-two athletes and
ballet dancers with
menstrual disorders,
training >4 times/week

Increased caloric intake by
20-30%, energy
availability increased by
>30 kcal/kg FFM/day
over 9 months

Weight gain: 1.3 kg (ballet
dancers), no significant weight
changes (athletes),
Increased LH and LH/FSH
ratio,

Menstrual recovery in 3
dancers and 7 athletes

Increased caloric intake is
critical for hormonal
improvement and
menstrual recovery.
Menstrual function can be
restored when body fat
mass reaches 22%

Mallinson et al. [23]

Two women with FHA of
different durations

A 12-month nutritional
intervention with
individualized caloric
increases

Weight gain: 4.3 kg (long-term
FHA) and 2.8 kg
(short-termm FHA),
Improvements in leptin and T3
concentrations

Weight gain and improved
hormone levels are crucial
for menstrual recovery,
with individual variations
of response

Cominato et al. [24]

Adolescents with eating
disorders

A 20-week nutritional
intervention

Recovery of menstrual
function linked to increases in
BMI, LH, IGF-1, and estradiol

IGF-1 may serve as a
potential marker for
menstrual recovery.
Nutritional rehabilitation
is a key to restoring
menstrual function

Deampfle et al. [25]

One hundred and
fifty-two girls (age 11-18)
with eating disorders and

underweight

Observational study
followed participants over
12 months

Forty-seven percent regained
menstrual function,
Strong correlation between
%EBW and resumption of
menstruation

Achieving expected body
weight is strongly
associated with menstrual
recovery. BMl is not a
reliable predictor of
menstrual function

Dr. Arman rastegari

Abbreviations: BMI—Body Mass Index, T3—Triiodothyronine, LH—Luteinizing Hormone, FSH—Follicle-

Stimulating Hormone, FFM—Fat-Free Mass, FHA—Functional Hypothalamic Amenorrhea, IGF-1—Insulin-Like
Growth Factor 1, %EBW-—Percentage of Expected Body Weight.
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Reproductive and metabolic adaptation
to multi-stressor training in women
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Harnessing the power of
nutritional antioxidants against
adrenal hormone imbalance-
associated oxidative stress

Anil Patani', Deepak Balram?, Virendra Kumar Yadav™
Kuang-Yow Lian®, Ashish Patel™ and Dipak Kumar Sahoo™
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Oxidative stress, resulting from dysregulation in the secretion of adrenal
hormones, represents a major concern in human health. The present review
comprehensively examines various categories of endocrine dysregulation within
the adrenal glands, encompassing glucocorticoids, mineralocorticoids, and
androgens. Additionally, a comprehensive account of adrenal hormone
disorders, including adrenal insufficiency, Cushing’s syndrome, and adrenal
tumors, is presented, with particular emphasis on their intricate association
with oxidative stress. The review also delves into an examination of various
nutritional antioxidants, namely vitamin C, vitamin E, carotenoids, selenium, zinc,
polyphenols, coenzyme Q10, and probiotics, and elucidates their role in
mitigating the adverse effects of oxidative stress arising from imbalances in
adrenal hormone levels. In conclusion, harnessing the power of nutritional
antioxidants has the potential to help with oxidative stress caused by an
imbalance in adrenal hormones. This could lead to new research and
therapeutic interventions.

KEYWORDS

adrenal hormone imbalance, oxidative stress, nutritional antioxidants, reactive oxygen
species, HPT axis
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Metabolic effects

FIGURE 4

Hypothatlamic-Pituitary-Adrenal (HPA) axis and role of selenium and ascorbic acid supplements. The figure was produced with BioRender (Biorender.
com; accessed on 29" July 2023)
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FIGURE 5
Health benefits of probiotics and their effects on brain, gut, and microbiome (BGM) axis modulating of HPA axis and cortisol release. The BGM axis

network of routes that facilitate the exchange of information and signals encompasses neuronal elements (vagus nerve, neurotransmitters, and
enteric nervous system), the HPA axis. and stress hormones like cortisol. Furthermore. immune mechanisms, specifically cytokines, contribute to this
complex interplay. (SCFAs), Short-chain fatty acids. (ANS), autonomic nervous system; (ROS), reactive oxygen species. (HPA axis). Hypothalamic—
pituitary—adrenal axis. The figure was produced with BioRender (Biorender.com; accessed on 30" Oct 2023)
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TABLE 2 T he role of Nnutritional antioxidants in Adrenal
hormone function.

Nutritional Role im Adrenal Reference

AnNntioxidant Hormone Function

Vitamin < - Supports the production of androgens, C103)
glucocorticoids, and mineralocorticoids
- Serves as a cofactor in the process by
which cholesterol is transformed
into pregnenolone

Vitamin E - Protects adrenal cells from oxidative C(197)
sStress
- Possibly plays a function in regulating
cortisol levels

Carotenoids - Carotenoids contained in several foods, C10)
beta-carotene and lycopene, act as
antioxidants
- Aliding in the reduction of oxidative
stress in the adrenal glands

Selenium Important in the synthesis of (144)
selenoproteins such as glutathione
peroxidase, which protects adrenal cells
from oxidative damage.

Zinc - Zinc is required for the synthesis, (198)
release, and general function of adrenal
hormones
- As an antioxidant, it protects cells from
oxidative stress.

Polyphenols Reduce oxidative damage and (161)
inflammation in the adrenal glands to
help with adrenal horrmone balance.

Coenzyme Q10 - Plays a critical function in the cellular C179)
energy production process
- Supports the overall function of the
adrenal glands and may lessen
oxidative stress.

Probiotics - Indirectly altering adrenal horrmone C(199)
balance and encouraging optimal function
by mitigating oxidative stress
and inflammation.
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Growth hormone/insulin-like
growth factor | axis in health and
disease states: an update on

the role of intra-portal insulin

Kevin C. J. Yuen ®", Rikke Hjortebjerg®>~,
David R. Clemmons”®

Ashok Ainkaran Ganeshalingam®>*

and Jan Frystyk?®>

partry = eurocen

Growth hormone (GH) is the key regulator of insulin-like growth factor | (IGF-1)
generation in healthy states. However, portal insulin delivery is also an essential
co-player in the regulation of the GH/IGF-| axis by affecting and regulating
hepatic GH receptor synthesis. and subsequently altering hepatic GH sensitivity
and IGF-I generation. Disease states of GH excess (e.g.. acromegaly) and GH
deficiency (e.g.. congenital isolated GH deficiency) are characterized by
increased and decreased GH, IGF-I and insulin levels, respectively, where the
GH/IGF-I relationship is reflected by a “primary association”™. When intra-portal
insulin levels are increased (e.g.. obesity, Cushing’'s syndrome, or due to
treatment with glucocorticoids and glucagon-like peptide 1 receptor agonists)
or decreased (e.g.. malnutrition, anorexia nervosa and type 1 diabetes mellitus),
these changes secondarily alter hepatic GH sensitivity resulting in a "secondary
association” with discordant GH and IGF-I levels (e.g.. high GH/low IGF-| levels or
low GH/high IGF-I| levels, respectively). Additionally. intra-portal insulin regulates
hepatic secretion of IGFBP-1, an inhibitor of IGF-I action. Through its effects on
IGFBP-1 and subsequently free IGF-I. intra-portal insulin exerts its effects to
influence endogenous GH secretion via the negative feedback loop. Therefore, it
is important to understand the effects of changes in intra-portal insulin when
interpreting the GH/IGF-I axis in disease states. This review summarizes our
current understanding of how changes in intra-portal insulin delivery to the liver
in health, disease states and drug therapy use and misuse that leads to alterations
in GH/IGF-l secretion that may dictate management decisions in
afflicted patients.
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Intra-portal insulin levels

/\

“ACCELERATOR EFFECT”
T Hepatic GH sensitivity
4 IGFBP-1
M Free/bioactive IGF-|

“BRAKE” EFFECT
J 1 Hepatic GH sensitivity
™1 IGFBP-1
4V Free/bioactive IGF-I

" and “brake” on hepatic GH sensitivity and free/bioactive IGF-I. In the setting of low intra-

(5} < ~Ct ntw
ic GH sensitivity

FIGURE 2

The ability of intra-portal insulin to serve as an “accelerator
increased IGFBP-1 and

“brake” effect leading to reduced hepat
ct takes place leading to

ing and obesity), an "acc

there is a

portal insulin levels (e.g., overnight fasting and T1D
reduced free/biocactive IGF-1. In the setting of high intra-portal insulin levels (e.c
with regards to the "accelerator” and "bra

4

d
i a

} ffects of insulin on serum free/bioactive IGF-|, it appears

ke” effe
activity is less pronounced compared to the

ndicate a marked effect, one arrow

sensitivity. However
tive IGF-I|

increased hepatic GH
= » ("Taccelerate
ivity. Two arrows

that the ability of high intra-portal insulin levels to increase
ability of low intra-portal insulin levels to decrease ("brake”

") serum free/bioac
serum free/bicactive IGF-] act

—~+

indicates a milder effect



IGF1 g 0wy 990398 3950 3 339 L 9 (5 slow I

L
G

G

b
~

2
N

G High IGF-I Acromegaly

\N%

Y

~
Cushing syndrome™ &

Glucocorticoid therapy > 9

Y

”~
”-

-
, 7 Chronic kidney disease

”
Obesity Weight loss*

Low GH High GH

Type 1 diabetes mellitus
~ (Anorexia nervosa
Y

~

~
N

GHD Low IGF-I "

FIGURE 3
Effects of disease states and weight loss on the GH/IGF-1 axis. *Weight loss induced by diet, glucagon-like peptide 1 receptor agonist therapy
and surgery



unbl’ @O’ﬁ‘b ‘SOM JAM&SA Q‘Q—GMM) Q90 9o
et )9 cudlad dwg & Il 2> L

OPEN ACCESS

Edited by:
Chia-Hua Kuo,
University of Taipei, Tawan

Reviewed by:

Zhaowei Kong.

Unniversity of Macau, Macau

Ashril Yusof,

University of Malaya, Malaysia

Jinfu Wu,

South China Normal University, China

*Correspondence:

Angelo Sabag
a.sabag@westernsydney.edu.au
orcid.org/0000-0002-0195-7029

Specialty section:

This article was submitted to
Exercise Physiology.

a section of the journal
Frontiers in Physiology

Received: 30 October 2020
Accepted: OZ March 20217
Published: 26 April 20217

Citation:

Sabag A, Chang D and Johnson NA
(2027) Growth Hormone as a Potential
Medliator of Aerobic Exercise-Induced
Reductions in Visceral Adipose Tissue.
Front. Physiol. 12:623570.

doi: 10.3389/fphys.2021.623570

Growth Hormone as a Potential
Mediator of Aerobic
Exercise-Induced Reductions in
Visceral Adipose Tissue

Angelo Sabag ™, Dennis Chang’™ and Nathan A. Johnson?

T NICM Health Research Institute, Western Sydney University, Westmead, NSW, Australia, = School of Health Sciences,
Faculfty of Medicine and Health, The University of Sydney. Camperdown, NSW. Australia
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INTRODUCTION

Obesity remains one of the leading causes of death worldwide and is a well-known risk factor for a
myriad of non-communicable diseases including diabetes, cardiovascular disease, and a variety of
cancers (Wolf and Colditz, 1998; Fruhbeck et al., 2013). While the relationship between obesity and
cardiometabolic risk is well-established, the location of adipose tissue, particularly in the abdominal
region, is considered a greater predictor of metabolic dysfunction than total fat mass (Kahn et al_,
2006). Central obesity, characterized by the excess accumulation of adipose tissue in the abdominal
region, is strongly and independently correlated with metabolic syndrome and is assessed clinically
through the measurement of waist circumference (Shen et al., 2006). Central adiposity can be
further subcategorized into abdominal subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT) (Snel et al.,, 2012). While the relationship between SAT and cardiometabolic risk
remains equivocal, VAT has been established as a unique pathogenic fat depot. VAT acts as an
endocrine organ by secreting adipocytokines and other vasoactive substances (Kanaya et al., 2004)
and is associated with cardiometabolic risk independent of body mass index (BMI) or total body
adiposity (Fox et al., 2007; Pak et al., 2016). Consequently, it is important to identify new, as well as
further develop existing therapies to improve the management of obesity.

A landmark study in 1990 showed that exogenous growth hormone (GH) administered to
older healthy males led to significant improvements in total body adiposity and lean body mass

(Rudman et al., 1990). Since then, the results from further studies have shown that GH therapy
can improve VAT, circulating lipid levels, and insulin resistance in adults with obesity and/or
diabetes (Johannsson et al., 1997; Nam et al., 2001). Although studies like these highlighted the

potential utility of GH therapy for the amelioration of age-related declines in metabolic function
and body composition, further studies identified various side effects of GH therapy such as an
increased likelihood of soft tissue edema, joint pain, carpal tunnel syndrome, gynecomastia, and

diabetes (Liu et al., 2007). Consequently, exogenous GH therapy became typically reserved for
individuals with GH deficiencies resulting from hypothalamic/pituitary disease (Clemmons et al_,
2014). Despite this, there has since been increasing interest in identifying therapies, including

lifestyle interventions, that increase physiologic GH release and action.

Exercise and diet modification are cornerstone therapies for the management of obesity-related
disease. Interestingly, pooled data from clinical trials show that while exercise is less effective than
diet modification for body weight loss, it appears to elicit superior reductions in VAT (Verheggen
et al, 2016). This finding may partly be explained by exercise-induced changes in lipolytic
hormones, such as GH, during and after exercise, which seem to target VAT (Berryman and List,
2017). Acute exercise has been shown to temporarily increase GH release in an intensity-dependent

Dr. Arman rastegari
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FIGURE 1 | Proposed mechanistic pathway for aerobic exercise induced changes in growth hormone release and ensuing reductions in visceral adipose tissue. Red
arrows represent negative effects; green arrows represent positive effects; unbroken red lines represent inhibitory effects; broken green lines represent potential
positive pathways of exercise-induced improvements in cardiometabolic health. Obesity and aging contribute to increased visceral adipose tissue, reduced
cardiorespiratory fitness, and impaired growth hormone release. Low cardiorespiratory fitness further contributes to impaired growth hormone release as does visceral
adipose tissue. Regular aerobic exercise reduces visceral adipose tissue, increases growth hormone release, and increases cardiorespiratory fitness. Regular aerobic
exercise may also indirectly improve visceral adipose tissue through increases in cardiorespiratory fitness, which lead to improved growth hormone response and
ensuing interactions in visceral adipocytes. Acute aerobic exercise elicits growth hormone release, which increases lipolysis of visceral adipose tissue.
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Abstract

Background Aging results in many changes in health status, body composition, muscle strength, and, ultimately,
functional capacity. These changes coincide with significant alterations in the endocrine system, such as insulin-like
growth factor-1 (IGF-1) and IGF-binding proteins (IGFBPs), and may be associated with many symptoms of aging.
The objectives of this study is to investigate the potential influence of different types of exercise, such as resistance
training and aerobic training, on IGF-1 and IGFBP-3 levels in postmenopausal women.

Methods Medline, Scopus, and Google Scholar databases were systematically searched up to November 2023. The
Cochrane Collaboration tool was used to assess the risk of bias and the quality of the studies. The random-effects
model, weighted mean difference (WMD), and 95% confidence interval (Cl) were used to estimate the overall effect.
Between-study heterogeneity was assessed using the chi-squared and |° tests.

Results Seventeen studies were included in the present systematic review and 16 studies were included in the meta-
analysis. The pooled results from 16 studies (21 trials) with 1170 participants examining the impact of exercise on

IGF-1 concentration showed a significant increase in IGF-1, and the pooled results among six studies (trials) showed

a significant decrease in IGFBP-3 concentration (730 participants). In addition, resistance training and aerobic training
had a significant effect on increasing IGF-1 concentration post-exercise compared with placebo.

Conclusion Based on this meta-analysis, Women who have completed menopause and followed an exercise

routine showed changes in IGF-1 and IGFBP-3 levels that can indirectly be associated with risk of chronic age-related
conditions.

Keywords |IGF-1, Insulin-like growth factor-1, Insulin-like growth factor binding proteins, IGFBP3, Postmenopause,
Exercise, Meta-analysis
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ABSTRACT

The 10C made recommendations for recording and
reporting epidemiological data on injuries and illness

in sports in 2020, but with little, if any, focus on female
athletes. Therefore, the aims of this supplement to the
10C consensus statement are to (i) propose a taxonomy
for categorisation of female athlete health problems
across the lifespan; (ii) make recommendations for data
capture to inform consistent recording and reporting

of symptoms, injuries, illnesses and other health
outcomes in sports injury epidemiology and (iii) make
recommendations for specifications when applying the
Strengthening the Reporting of Observational Studies
in Epidemiology-Sport Injury and lliness Surveillance
(STROBE-SIIS) to female athlete health data.

In May 2021, five researchers and clinicians with
expertise in sports medicine, epidemiology and female
athlete health convened to form a consensus working
group, which identified key themes. Twenty additional
experts were invited and an iterative process involving
all authors was then used to extend the I0C consensus
statement, to include issues which affect female
athletes.

Ten domains of female health for categorising

health problems according to biological, life stage

or environmental factors that affect females in sport
were identified: menstrual and gynaecological health;
preconception and assisted reproduction; pregnancy;
postpartum; menopause; breast health; pelvic floor
health; breast feeding, parenting and caregiving; mental
health and sport environments.

This paper extends the I0OC consensus statement to
include 10 domains of female health, which may affect
female athletes across the lifespan, from adolescence
through young adulthood, to mid-age and older age. Our
recommendations for data capture relating to female
athlete population characteristics, and injuries, illnesses
and other health consequences, will improve the quality
of epidemiological studies, to inform better injury and
illness prevention strategies.
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INTRODUCTION

Injury and illness surveillance is a fundamental
element in our efforts to protect the health of
athletes. Hence, in 2020 the IOC published a
consensus statement that describes standards to
monitor and report health problems in sports.’
This consensus aims ro ensure consistency in the
definitions and methods used, and to guide the
collection of comparable epidemiological data
across studies. Since then, several sports-specific>
and population—spccifics extensions have been
produced, further supporting the appropriate and
consistent application of the IOC recommendations
across different settings.

Consensus statements were traditionally devel-
oped and applied to record injuries withour focused
consideration of the female athlete.® Indeed, the
2020 IOC consensus statement’ does not mention the
female athlete in its recommendatons. Historically,
injury and illness data that inform the development of
injury surveillance systems and consensus statements
are typically from male athletes, with such systems
then being more frequently used in men’s sport.®
However, female athletes have additonal specific
biological, sociocultural and environmental consid-
erations that could impact sports exposure or health
outcomes. For example, circulating concentrations
of both endogenous and exogenous oestrogen and
progesterone influence several health conditions,”
which wvary with events (eg, puberty, pregnancy,
menopause) and across life stages (eg, adolescence,
young adulthood, mid-age). Postpuberty population
characteristics are rarely reported but may influ-
ence injury and illness onset and recovery.*'? Breast
healrth issues likely go unreporrted as, like other body
regions, the breast does not have a specific diagnosis
category in commonly used coding systems'' and,
until 2020, did not appear in these coding systems at
all. Therefore, female-specific health risks across the
lifespan remain largely undocumented, with limirted
quality data on female athlete health.
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Table 1 Female health domains and their definitions

Health domain Domain abbreviation  Definition

Menstrual and other gynaecological health D-MG The health of the menstrual cycle and female reproductive organs and tract.

Preconception/Assisted reproduction D-AR Undergoing treatments to assist in becoming pregnant without sexual intercourse.™

Pregnancy D-PR The condition of being pregnant.*

Postpartum D-PO Immediately follows childbirth until 2 years* postchildbirth.

Menopause D-ME The transitional time between perimenopause and postmenopause, when menstruation
surceases.’

Breast health D-BH The health of the mammary glands.*

Pelvic floor health D-PF The physical and functional integrity of the pelvic floor unit through the life stages of an
individual (male or female).”

Breast feeding, parenting and caregiving D-BP Providing direct care for another individual who needs help taking care of themselves (eg, a
baby, child, the elderly, chronically ill), including suckling milk from a mother’s breast.

Mental healtht D-MH The psychological, emotional and social well-being™ of an athlete.

Sport environmentt D-SE The physical and social context within which athletes train and compete.

*Based on WHO breastfeeding recommendation®’ and mental health outcomes.™

1This health domain is particularly prevalent but not unique to female athletes only. Consideration should be given to all athletes.
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L 0 4
Abstract
Optimal nutrition is an important aspect of an athlete’s preparation to achieve optimal health and performance. While general con- 9
L 0 2

cepts about micro- and macronutrients and timing of food and fluids are addressed in sports science, rarely are the specific effects

of women’s physiology on energy and fluid needs highly considered in research or clinical practice. Women differ from men not * o o0 .
only in size, but in body composition and hormonal milieu, and also differ from one another. Their monthly hormonal cycles, with o0
fluctuations in estrogen and progesterone, have varying effects on metabolism and fluid retention. Such cycles can change from ' “ M . ’ %w
month to month, can be suppressed with exogenous hormones, and may even be manipulated to capitalize on ideal timing for
L 0 2

performance. But before such physiology can be manipulated. its relationship with nutrition and performance must be understood.
This review will address general concepts regarding substrate metabolism in women versus men, common menstrual patterns of

< L 2
female athletes, nutrient and hydration needs during different phases of the menstrual cycle, and health and performance issues *” o P L 2
related to menstrual cycle disruption. We will discuss up-to-date recommendations for fueling female athletes, describe areas that
require further exploration, and address methodological considerations to inform future work in this important area.
*
ez D S - Mﬂ
1 Introduction 9 w

Female athletes should aim for energy availability (EA)
of 45 kcal-kg™' fat-free mass-day™’' for optimal health and
performance: optimizing nutrient composition based on
menstrual cycle phase is ineffective without the requisite
energy for basic functioning.

Female athletes make up nearly 50% of sports participants.
Unfortunately, research into optimizing nutrition for health
and performance specific to female physiology is lacking.
In this review, we will describe the challenges of studying

Micronutrient deficiencies are common in female ath- women, the potential pitfalls of applying research from
letes, particularly in iron, vitamin D, and calcium: nutri- males to females, provide recommendations for adequate
tional strategies should be used to prevent these deficien- caloric intake, describe sequelae of insufficient caloric
cies, including increasing consumption of diverse foods intake, propose a simple framework for designing nutrition
and potential supplementation. plans for female athletes, and outline basic recommenda-

tions for nutrition plans for female athletes with resources

Micro- and macronutrient requirements, as well as £
for further reading.

hydration needs, may change during various phases of
the menstrual cycle as a result of hormonal fluctuations.

&2 Kathryn E. Ackerman ¥ Neuroendocrine Unit, Massachusetts General Hospital,
kathryn.ackerman @childrens.harvard.edu Boston, MA, USA

) Perelman School of Medicine, University of Pennsylvania, % Harvard Medical School, Boston, MA, USA
Philadelphia, PA, USA

Female Athlete Program, Division of Sports Medicine,
Boston Children’s Hospital, Boston, MA, USA
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Fig. 1 Hypothetical examples
of the hormonal profiles of
three eumenorrheic women with
different cycle lengths. a 28-day
cycle; b 22-day cycle; ¢ 35-day
cycle. Solid arrow indicates
estradiol peak; dashed arrow
indicates luteinizing hormone
peak; shaded area indicates
ovulation. Reproduced from
Vescovi with permission [3]
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Fig. 2 a Health consequences of relative energy deficiency in sport (RED-S); b performance effects of RED-S. Adapted from Constantini (with
permission) [25]
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Table 2 Proposed guidelines by
Peeling and colleagues for iron
deficiency severity in athletes
[112]

Dr. Arman rastegari

Stage 1: Iron deficiency

Stage 2: Iron-deficient non-anemia

Stage 3: Iron-deficient anemia

Iron stores in bone marrow, liver, spleen depleted
Ferritin <35 ng mL ™"’

Hemoglobin>11.5 ng dL™'

Transferrin saturation> 16%

Erythropoiesis diminishes as the iron supply to

the erythroid marrow is reduced

Ferritin <20 ng mL™"

Hemoglobin>11.5 ng dL™'

Transferrin saturation < 16%

Hemoglobin production falls, resulting in anemia
Ferritin < 12 ng mL™"!

Hemoglobin < 11.5 ng dL™

Transferrin saturation < 16%
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Table 3 Institute of Medicine levels of vitamin D concentrations
[130]

25-OH-vitamin D concentration (nM) Vitamin D status
<125 Very deficient
12.5—-<30 Deficient

30-50 Inadequate

> 50 Adequate

> 180 Toxic
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Table 4 Biomarkers of hydration status. Adapted from ACSM guide-
lines with permission [138]

Measure Practicality Validity (acute vs. EUH cut-off
chronic changes)

TBW Low Acute and chronic <2%
Plasma osmolality Medium Acute and chronic <290 mOsm
Urine specific High Chronic <1.020 g mL.™!
gravity
Urine osmolality High Chronic <700 mOsm
Body weight High Acute and <1%
chronic®

EFEUH euhydration, 7T7BW total body water

“Potentially confounded by changes in body composition during very
prolonged assessment periods
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