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Objective: To compare the reproductive, metabolic, and skeletal profiles of young athletic 

women with functional hypothalamic amenorrhea (FHA) as well as clinical or biochemical 

hyperandrogenism (FHA-EX+HA) with body mass index matched women with FHA due to 

exercise (FHA-EX) or anorexia nervosa (FHA-AN) alone.

Design: Retrospective cohort study.

Setting: Tertiary care teaching hospital.

Population: Adolescents and young women, 15–30 years of age, diagnosed with FHA along 

with concurrent signs of hyperandrogenism (n=22) and body mass index matched control groups 

consisting of 22 women in each group of FHA-EX and FHA-AN. 

Main outcomes: 1) Reproductive hormone profile: luteinizing hormone (LH), follicle stimu-

lating hormone (FSH), total testosterone, pelvic ultrasound features. 2) Metabolic function and 

skeletal health markers: fasting glucose, cholesterol, number of stress fractures and bone mineral 

density as assessed by spine dual-energy X-ray absorptiometry z scores. 

Results: FHA-EX+HA group was older at diagnosis compared to the other groups with 

a median (interquartile range [IQR]) age of 22 (18.75–25.25) years versus (vs) 17.5 

(15.75–19) for FHA-EX; (P0.01) and 18 (16–22.25) years for FHA-AN (P=0.01). There 

were no differences among the groups based on number of hours of exercise per week, 

type of physical activity or duration of amenorrhea. Median (IQR) LH/FSH ratio was 

higher in FHA-EX+HA than both other groups, 1.44 (1.03–1.77) vs 0.50 (0.20–0.94) for 

FHA-EX and 0.67 (0.51–0.87) for FHA-AN (P0.01 for both). Total testosterone con-

centrations were not different among the groups. Median (IQR) fasting serum glucose 

concentration was higher in FHA-EX+HA vs FHA-EX, 88.5 mg/dL (82.8–90 mg/dL) vs  

83.5 mg/dL (78.8–86.3 mg/dL) (P=0.01) but not different from FHA-AN (P=0.31). Percentage 

of women with stress fractures was lower in FHA-EX+HA (4.5%) as compared to both FHA-EX 

(27.3%) and FHA-AN (50%); P=0.04 and 0.01 respectively. The LH/FSH ratio was weakly 

positively associated with serum glucose (adjusted r2=0.102; P=0.01) as well as with dual-energy 

X-ray absorptiometry spine score (adjusted r2=0.191; P=0.04) in the entire cohort.

Conclusion: In a small cohort of female athletes with hyperandrogenism, a distinct reproductive 

hormone profile consisting of higher LH to FHS ratio may be associated with adverse metabolic 

health markers but improved skeletal health.

Keywords: functional hypothalamic amenorrhea, hyperandrogenism, polycystic ovary syn-

drome, young athletes

Introduction
Adolescents and young women frequently suffer from menstrual dysfunction. 

Functional hypothalamic amenorrhea (FHA) and hyperandrogenism syndromes such 

as polycystic ovary syndrome (PCOS) are the most common causes of menstrual 
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irregularity in this age group.1,2 FHA is a condition character-

ized by the absence of menses due to the suppression of the 

hypothalamic–pituitary–ovarian axis, in which no anatomi-

cal or organic disease is identified.3 Adolescents or young 

women with this condition typically present with amenorrhea 

of 6 months’ duration or longer.4 This condition may be dif-

ficult to differentiate from immaturity of the hypothalamic–

pituitary–ovarian axis during the initial post-menarchal 

years in adolescents but even during this time, menstrual 

cycles in adolescents typically are no longer than 45 days.5 

FHA in this population can occur secondary to disordered 

eating and/or excessive exercise. On the other hand, PCOS 

is a complex endocrinopathy with marked heterogeneity 

in clinical manifestations. Often associated with obesity, 

PCOS affects 4%–10% of women of reproductive age6–10 and 

comprises a combination of hyperandrogenism, ovulatory 

dysfunction, and morphologically polycystic ovaries.11–14 

PCOS is often associated with concomitant abnormalities 

of insulin resistance with or without compensatory hyperin-

sulinemia independent of body weight,15–18 dyslipidemia,19 

and subfertility.18

There is emerging evidence of certain subsets of athletic 

females suffering from menstrual dysfunction with clini-

cal features and hormonal profiles suggestive of androgen 

excess, in some cases meeting criteria for PCOS, challenging 

the contemporary concept that reproductive dysfunction in 

athletes is due to chronic energy deficiency alone.1,20 Varying 

athletic disciplines, based on the intensity of exercise and 

energy deficit incurred, may impact gonadotropin-releasing 

hormone pulsatility in different ways.21 In fact, a systematic 

review assessing observational studies as well as randomized 

clinical trials in 2009 reported that although data are still 

scarce, there is a suggestion that hyperandrogenism, such 

as that in PCOS, may likely be associated with oligomenor-

rhea in exercising women, and may not always represent 

hypothalamic inhibition due to low energy availability. In 

sports emphasizing leanness, nutritional restriction may be 

an important causal factor in reproductive dysfunction but a 

distinct hormonal profile characterized by hyperandrogenism 

rather than hypoestrogenism has been described in sports 

emphasizing strength over leanness.21 

It has also been postulated that in subjects with FHA and 

concurrent features of PCOS, some athletic advantage may 

be afforded.22 

PCOS is often associated with adverse metabolic profile 

although it is not known if the metabolic milieu of athletes 

with hyperandrogenism is inferior to that of athletes with 

FHA alone. 

The primary aim of our study was to compare reproduc-

tive hormone profile among adolescents and young women 

with concurrent diagnoses of exercise induced FHA as well 

as clinical or biochemical hyperandrogenism (FHA-EX+HA) 

to athletes with FHA only, either due to excessive exercise 

(FHA-EX) or anorexia nervosa (FHA-AN). Secondarily, we 

compared the metabolic and skeletal profiles of females in 

each group and explored the association, if any, between the 

reproductive and skeletal or metabolic profiles.

Methods
This was a retrospective review of medical records of 

female adolescents and young women seen at Mayo Clinic, 

Rochester, MN between 2004–2013, for female reproductive 

health disorders including FHA and PCOS.

Participants
After receiving the approval of the Institutional Review 

Board at Mayo Clinic, Rochester, MN, adolescents and 

young women aged 15–30 years with concurrent diagnoses 

of FHA and hyperandrogenism (FHA-EX+HA) or FHA-EX 

or FHA-AN were identified using both a free text search in 

clinical notes in addition to coding and billing data. Identifica-

tion of the cohorts was performed using the Mayo Clinic Life 

Sciences System, which is a complete clinical data repository 

containing patient demographics; diagnoses; hospital-, labora-

tory-, and clinical notes; pathology; and billing data obtained 

from multiple clinical and hospital source systems within 

Mayo Clinic. Data in the Mayo Clinic Life Sciences System 

was accessed via the Data Discovery and Query Builder 

toolset, consisting of a web-based application that utilizes a 

unique text search engine and provides the capability to rap-

idly search for specific words and phrases within unstructured 

text documents such as clinical notes.23 All adolescents and 

young women seen within a 10 year period (January 2004 

to December 2013) with the International Classification of 

Diseases, Ninth Revision (ICD-9) code for PCOS (256.4) 

and amenorrhea (626.0) supplemented with text word search 

terms such as “female athlete triad”, or “exercise induced 

menstrual dysfunction”, or “exercise induced amenorrhea”, 

or “functional hypothalamic amenorrhea”, or “menstrual 

irregularity due to exercise” and “hyperandrogenism” or 

“excess androgens” were identified for Group 1 (FHA-

EX+HA). Exclusion terms of “eating disorder”, “disordered 

eating”, “anorexia nervosa”, “bulimia nervosa”, were also 

applied in order to not include females with disordered 

eating in Group 1. The same text search terms of “female 

athlete triad”, “exercise induced menstrual dysfunction”, 
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“exercise induced amenorrhea”, “functional hypothalamic 

amenorrhea”, “menstrual irregularity due to exercise” with 

negation of “PCOS”, “hyperandrogenism”, “excess andro-

gens” and “eating disorder”, “disordered eating”, “anorexia 

nervosa”, “bulimia nervosa”, were used to identify Group 2 

(FHA-EX). This cohort was body mass index (BMI) matched 

with Group 1. For identification of Group 3 (FHA-AN), search 

terms of “eating disorder”, “disordered eating”, “anorexia 

nervosa”, “bulimia nervosa”, along with “menstrual dysfunc-

tion”, “functional hypothalamic amenorrhea”, “amenorrhea”, 

“oligomenorrhea”, “menstrual irregularity due to eating 

disorder”, “menstrual irregularity due to disordered eating”, 

“menstrual irregularity due to anorexia nervosa” were used. 

This group was also BMI matched with Group 1.

Definitions
Subjects in the FHA-EX+HA group were identified if they 

had a diagnosis of FHA due to excessive exercise but also 

had either clinical or biochemical evidence of hyperandro-

genism. Rotterdam criteria were used to diagnose PCOS, 

requiring the presence of at least two of the three criteria of: 

1) clinical or biochemical evidence of hyperandrogenism, 

2) oligo- or anovulation (defined as less than nine periods 

per year), and 3) polycystic ovarian morphology (PCOM). 

During chart review, we identified girls who also met the 

National Institutes of Health criteria for PCOS requiring 

the presence of both oligo-ovulation and hyperandrogenism. 

Determination of PCOM was based on presence of 12 or more 

2–9 mm follicles in each ovary or ovarian volume 10 mL 

as defined by Rotterdam criteria.24 FHA due to exercise was 

defined as absence of menstrual cycles for 6 or more months 

in an otherwise healthy female exercising at least 8 hours/

week without any chronic severe illness.3 Type of physical 

activity was divided into aerobic, anaerobic or both. FHA 

due to anorexia nervosa was defined as absence of menstrual 

cycles for 6 or more months in a female with previously 

regular menstrual cycles with a diagnosis of anorexia nervosa 

made by a psychiatrist or psychologist. 

Subjects with Turner’s syndrome, premature ovarian 

failure, untreated hypothyroidism, hyperprolactinemia, 

congenital adrenal hyperplasia, Cushing’s syndrome, preg-

nancy, androgen-secreting tumors, subjects on any form 

of hormonal contraception or a condition as the cause of 

hyperandrogenism were excluded. 

Procedures and measures
We employed a standardized abstraction form for data collec-

tion. For each medical record, we identified the first visit in 

which the diagnosis of FHA was made. We collected infor-

mation regarding age at diagnosis, age at menarche, diagnosis 

of PCOS or hyperandrogenism (Group 1), BMI, systolic and 

diastolic blood pressure, number of hours of exercise per 

week, type of physical activity, number of fractures (stress 

and long bone fractures), pattern of menstrual dysfunction 

(primary amenorrhea, secondary amenorrhea or oligomenor-

rhea). Biochemical measurements collected, where available, 

included LH, FSH, total and free testosterone, calcium, 

phosphorus, alkaline phosphatase, fasting glucose, total 

cholesterol, triglycerides, low density lipoprotein and high 

density lipoprotein. Radiographic information if available 

was obtained on duel-energy X-ray absorptiometry (DXA) 

spine and hip z scores as well as pelvic ultrasonography. 

All biochemical laboratory measures were obtained in 

the Mayo Clinic Laboratories using standard automated 

colorimetric enzymatic assays (Roche Diagnostics, 

Indianapolis, IN, USA) with the exception of testosterone, 

which was measured using high-throughput liquid chro-

matography (Hamilton Robotics Inc., Reno, NV, USA), 

and glucose, which was measured using a photometric rate 

reaction (Roche Diagnostics). Fasting glucose was obtained 

using a standard minimum 12 hours of fasting, which was 

verified on all samples. 

Statistical analyses
We compared the medians and interquartile ranges (IQRs) of 

clinical and biochemical characteristics between FHA-EX+ 

HA and FHA-EX and FHA-AN using Wilcoxon test. Cat-

egorical variables were compared using chi-square analysis. 

Linear regression models were created in a stepwise fashion 

using JMP 9.0.1 (SAS Institute Inc., Cary, NC, USA) to 

identify associations of luteinizing hormone (LH)/follicle 

stimulating hormone (FSH) ratio with skeletal and metabolic 

parameters. 

Results
cohort derivation
group 1: FHa due to exercise with 
hyperandrogenism (FHa-eX+Ha)
Between January 2004 and December 2013, a total of 

58 women were identified, who were aged between 

15–30 years with a concurrent electronic documentation 

of both exercise related FHA and clinical or biochemical 

hyperandrogenism. We determined by individual chart if 

the subject met criteria for PCOS (Figure 1). After exclu-

sion of subjects with other chronic illnesses and women on 

hormonal medication use at the time of diagnosis, a total 
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FHA with hyperandrogenism (n=58) in
women aged 15–30 years diagnosed

between January 2004 and December 2013

FHA with hyperandrogenism in women aged 15–30 years not
on hormonal treatment at diagnosis (n=22)

Cushing’s syndrome (n=1)

Empty sella or septo-optic
dysplasia (n=2)

Restricted eating (n=2)

PCOS only (n=8)

Prolactinoma (n=4)

Uncontrolled
hypothyroidism (n=2)

Severe chronic illness (n=3)

On hormonal treatment at
diagnosis (n=14)

Figure 1 Flow diagram depicting selection of FHa-eX+Ha cohort. 
Abbreviations: FHa, functional hypothalamic amenorrhea; PcOs, polycystic ovary syndrome.

of 22 subjects with FHA due to excessive exercise and 

evidence of hyperandrogenism at the time of presentation 

were included in the analysis.

group 2: FHa due to excessive exercise  
without hyperandrogenism (FHa-eX)
For every case of FHA-EX+HA, women aged 15–30 years 

with FHA due to excessive exercise but no evidence of 

disordered eating, not on any hormonal treatment at diag-

nosis and with no features of hyperandrogenism were BMI 

matched (within 1 kg/m2) with the corresponding case of 

FHA-EX+HA. Exclusion criteria were: 1) presence of any 

restricted or disordered eating, 2) anorexia nervosa or bulimia 

nervosa, 3) clinical and/or biochemical hyperandrogenism 

(ie, presence of hirsutism or Ferriman Gallwey score 6 or 

serum total testosterone 60 ng/dL), 4) hyperprolactinemia 

or 5) untreated hypothyroidism. 

group 3: FHa due to anorexia nervosa  
without hyperandrogenism (FHa-an)
For every case of FHA-EX+HA, women aged 15–30 years 

with FHA due to anorexia nervosa (FHA-AN), not on any 

hormonal treatment at diagnosis and no features of hyper-

androgenism (as described in the Methods section), were 

BMI matched (within 1 kg/m2) with the corresponding case 

of FHA-EX+HA.

clinical and anthropometric 
characteristics
FHA-EX+HA subjects were older at diagnosis compared to 

the other groups with a median (IQR) age of 22 (18.8–25.3) 

years versus (vs) 17.5 (15.8–19) for FHA-EX (P0.01) and 

18 (16–22.3) for FHA-AN; P=0.01. There was no difference 

between the two groups based on ethnicity, BMI or age at 

menarche (Table 1). Median (IQR) reported weight loss (kg) 
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at the time of diagnosis was not different between the groups 

(FHA-EX+HA 2.25 (1.58–3.6) vs FHA-EX 2.7 (2.25–3.49) 

vs FHA-AN 2.25 (1.69–2.8); P=0.17 and P=0.42 respec-

tively. There was no difference among the groups based on 

type of activity (aerobic versus anaerobic) or number of hours 

of exercise per week (Table 1).

reproductive phenotype 
There was no difference among the groups based on duration 

of amenorrhea (Table 2). Clinical signs of hyperandrogenism 

such as hirsutism were present in 54.5% of FHA-EX+HA 

subjects while none of the subjects with FHA-EX and 

FHA-AN had hirsutism (P0.01 for both). PCOM was pres-

ent in 95% of FHA-EX+HA group as compared to 17.7% of 

FHA-EX and 0% in the FHA-AN group (P0.01 for both). 

Based on Rotterdam criteria, all subjects in the FHA-EX+HA 

group met criteria for PCOS. 

Mean LH/FSH ratio was higher in FHA-EX+HA than 

both other groups (P0.001) (Figure 2). Estradiol con-

centrations were not available in most subjects, precluding 

analysis. Progesterone withdrawal was performed in 16/22 

of FHA-EX+HA and 22/22 of FHA-EX as well as 17/22 of 

FHA-AN with percentage of girls failing to menstruate after 

this being 37.5% for FHA-EX+HA, 45.5% for FHA-EX, and 

82.4% for FHA-AN. Estradiol concentrations did not differ 

between the subsets who failed to menstruate in the FHA-

EX+HA and FHA-EX groups. Total testosterone concentra-

tions were available in 20 subjects with FHA-EX+HA, 12 

subjects with FHA-EX, and eleven subjects with FHA-AN. 

Total testosterone concentrations were higher in the FHA-

EX+HA group as compared to FHA-EX (P=0.04) but did 

not differ from FHA-AN (P=0.06) (Table 2). Dehydroepi-

androstenedione sulfate (DHEA-S), free testosterone, and 

androstenedione concentrations were not available in most 

Table 1 Baseline characteristics of all three groups

Characteristic Group 1 
FHA-EX+HA 
(n=22)

Group 2  
FHA-EX  
(n=22)

Group 3  
FHA-AN  
(n=22)

P-value  
group 1  
and 2

P-value  
group 1  
and 3

age at diagnosis, in years, median (IQr) 22 (18.7–25) 17.5 (15.7–19) 18 (16–22) 0.01* 0.01*
BMI (kg/m2), median (IQr) 21 (19–23) 20.8 (18.5–22.5) 20.3 (19.3–22.3) 0.50 0.72
ethnicity (caucasian), n (%) 20 (91%) 18 (82%) 20 (91%) 0.58 0.78
age at menarche, in years, median (IQr) 13 (13–14) 13.5 (11–14) 14 (12–14) 0.88 0.84
exercise per week, in hours, median (IQr) 10 (8–14) 10 (8–14) 13 (10–16) 0.60 0.07
Type of physical activity-aerobic, n (%) 16 (73%) 18 (82%) 18 (82%) 0.33 0.38
Weight loss at time of diagnosis (in kg), median (IQr) 2.25 (1.6–3.6) 2.7 (2.3–3.5) 2.25 (1.7–3) 0.17 0.42

Notes: FHa-eX+Ha: FHa as well as clinical or biochemical hyperandrogenism; FHa-eX: FHa due to exercise; FHa-an: FHa due to anorexia nervosa *P-value significant at 0.05.
Abbreviations: FHa, functional hypothalamic amenorrhea; IQr, interquartile range; BMI, body mass index.

Table 2 comparison of reproductive, metabolic, and skeletal phenotypes between FHa-eX+Ha, FHa-eX, and FHa-an

Characteristic FHA-EX+HA  
(n=22)

FHA-EX  
(n=22)

FHA-AN
(n=22)

P-value
FHA-EX+HA  
vs FHA-EX

P-value 
FHA-EX+HA  
vs FHA-AN

Reproductive phenotype
Duration of amenorrhea (months), median (IQr) 6 (6–11.25) 7 (6–12) 6 (6–12) 0.55 0.68
lH/FsH ratio, median (IQr) 1.44 (1.03–1.77) 0.50 (0.20–0.94) 0.67 (0.51–0.87) 0.01 0.01
Total testosterone (ng/dl)*, median (IQr) 31.5 (19.8–55.8) 20.5 (18–39.8) 23.5 (15.5–37) 0.12 0.20
Polycystic ovarian morphology (PcOM) (%) 95 17.7 0 0.01 0.01
Metabolic phenotype
systolic blood pressure (mmHg), median (IQr) 109 (94–116.5) 106 (100.8–110.3) 102 (94–108) 0.45 0.03
Diastolic blood pressure (mmHg), median (IQr) 69 (60–74) 62 (54–68.5) 63 (56–68) 0.03 0.04
Fasting glucose (mg/dl), median (IQr) 88.5 (82.8–90) 83.5 (78.8–86.3) 86.5 (83–89) 0.01 0.31
Total cholesterol** (mg/dl), median (IQr) 183 (150.5–232) 157.5 (143.3–221.75) 153 (142–230) 0.44 0.62
Skeletal phenotype
number of stress fractures, n (%) 1 (4.5) 6 (27) 11 (50) 0.04 0.01
Bone mineral density (z scores) (spine),***  
median (IQr)

-0.2 (-0.8–0.8) -1.5 (-2.2–1.0) -1.5 (-1.6 – -0.13) 0.02 0.16

Notes: FHa-eX+Ha: FHa as well as clinical or biochemical hyperandrogenism; FHa-eX: FHa due to exercise; FHa-an: FHa due to anorexia nervosa. *Total testosterone 
concentrations were available in 20 subjects with FHa-eX+Ha, 12 subjects with FHa-eX and eleven subjects with FHa-an. **Total cholesterol was available in 13 FHa-eX+Ha, 
ten FHa-eX, and eight FHa-an subjects. ***DXa z scores were available in four FHa-eX+Ha, 14 FHa-eX, and six FHa-an subjects. Bold denotes P-value significant at 0.05.
Abbreviations: FHa, functional hypothalamic amenorrhea; IQr, interquartile range; BMI, body mass index; vs, versus; lH/FsH, luteinizing hormone/follicle stimulating 
hormone; DXa, duel-energy X-ray absorptiometry.
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subjects, precluding analysis. Pelvic ultrasound evaluation 

was completed at the time of diagnosis in 20 subjects in the 

FHA-EX+HA group, 17 subjects in FHA-EX group and 

19 FHA-AN subjects. 

Metabolic phenotype 
FHA-EX+HA group had higher diastolic blood pressure 

(DBP) compared to FHA-EX group and higher systolic blood 

pressure and DBP than FHA-AN group (all P-values 0.05) 

(Table 2). Mean fasting serum glucose was higher in FHA-

EX+HA as compared to FHA-EX (P=0.01) but did not differ 

from FHA-AN group (P=0.31). Total cholesterol concentra-

tions were available for 14 subjects in the FHA-EX+HA 

group, nine in the FHA-EX group, and eight in the FHA-AN 

group. There was no difference between the groups based on 

mean total cholesterol concentrations (Table 2). 

skeletal phenotype
Percentage of subjects with stress fractures was lower 

in FHA-EX+HA (4.5%) as compared to both FHA-EX 

(27.3%) and FHA-AN (50%) groups (P=0.04 and 0.01 

respectively). DXA scores at the spine were available for 

four FHA-EX+HA, 14 FHA-EX, and six FHA-AN subjects. 

Mean z scores were higher in FHA-EX+HA as compared to 

FHA-EX (P=0.02) but did not differ from FHA-AN group 

(Table 2). Total alkaline phosphatase, calcium, phosphorus, 

and 25 hydroxy vitamin D concentrations were not obtained 

in most subjects, precluding analysis.

relationship between lH/FsH ratio  
and metabolic phenotype 
There was a positive association between LH/FSH ratio 

and serum glucose in the entire cohort (P0.01) (Figure 3). 

This relationship persisted even after adjusting for BMI 

(P=0.01). When assessed separately in the groups, the 

relationship was significant only in the FHA-EX+HA 

cohort (P=0.04), even after adjustment for BMI (P=0.04). 

There was a positive association between the LH/FSH ratio 

and DBP (P=0.01), persisting after adjustment for BMI 

(P=0.02). No association was present between the LH/

FSH ratio and systolic blood pressure or total cholesterol 

(all P-values 0.05).

relationship between lH/FsH ratio  
and skeletal phenotype 
There was no association between the LH/FSH ratio and the 

number of stress fractures. 

However, there was a positive association between LH/

FSH ratio and DXA spine score in the entire cohort (P=0.04), 

attenuated after adjusting for BMI (P=0.09) (Figure 3). 

Discussion
Although reproductive dysfunction in female athletes 

is typically ascribed to energy deficit and inhibition of 

gonadotropin-releasing hormone pulsatility,25 our study 

highlights the unique reproductive phenotype, with higher 

LH/FSH ratios of athletes with FHA due to excessive 
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Figure 2 comparison of lH/FsH ratio between FHa-eX+Ha and FHa-eX and FHa-an.
Notes: (A) comparison of lH/FsH ratio between FHa-eX+Ha and FHa-eX. (B) comparison of lH/FsH ratio between FHa-eX+Ha and FHa-an. FHa-eX+Ha: FHa as 
well as clinical or biochemical hyperandrogenism; FHa-eX: FHa due to exercise; FHa-an: FHa due to anorexia nervosa.
Abbreviations: FHa, functional hypothalamic amenorrhea; lH/FsH, luteinizing hormone/follicle stimulating hormone; vs, versus.
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Figure 3 linear regression models depicting relationship between lH/FsH ratio 
and serum glucose (mg/dl) (A) and relationship between lH/FsH ratio and DXa 
spine z score (B).
Abbreviations: lH/FsH, luteinizing hormone/follicle stimulating hormone; DXa, 
duel-energy X-ray absorptiometry.

exercise who also have evidence of clinical or biochemical 

hyperandrogenism as compared to BMI matched females 

with FHA due to exercise or anorexia nervosa alone. We 

also report a possible adverse metabolic profile with higher 

fasting glucose in these athletes with hyperandrogenism as 

well as an improved bone mineral density resulting in fewer 

stress fractures in this cohort.

Rickenlund et al describe the existence of hyperandro-

genism in a subset of endurance athletes with menstrual 

dysfunction with elevated LH/FSH ratios and androgen 

concentrations.22 In a previous study of 90 Swedish Olympic 

athletes, the most common cause of menstrual dysfunction 

was PCOS and not hypothalamic inhibition26 but although 

previous studies have reported existence of a subset of 

athletes with menstrual dysfunction attributable, at least in 

part, to hyperandrogenism,22,26 our study is the first to our 

knowledge to compare the reproductive, metabolic, and 

skeletal health parameters among females with both men-

strual dysfunction and hyperandrogenism (FHA-EX+HA) to 

BMI matched groups of females with FHA due to exercise 

or anorexia nervosa alone. In addition to a higher LH/FH 

ratio in the subset of athletic women with hyperandrogenism, 

we also report higher blood pressure and fasting glucose in 

this group as compared to BMI matched subjects with FHA 

due to excessive exercise or anorexia nervosa alone. The 

association of LH/FSH ratio with fasting glucose has not 

previously been reported in young female athletes with men-

strual dysfunction and hyperandrogenism. In subjects with 

PCOS, and nationally representative women without PCOS, 

a distinct subset with excess LH and hyperinsulinemia has 

been reported. These women typically have higher adrenal 

androgenic activity and markers of chronic inflammation 

and dyslipidemia which have been shown to be significantly 

associated with LH/FSH ratio.27,28 To further confirm this 

association in our cohort, this association of LH/FSH ratio 

with fasting glucose persisted only in the subgroup of athletic 

women with hyperandrogenism (FHA-EX+HA).

Although a previous small series has reported an asso-

ciation between improved bone mineral density and hyper-

androgenism in female athletes22 and in lean women with 

PCOS,29 the findings of our study are novel in the sense of 

reporting a positive association between LH/FSH ratio and 

stress fractures as well as bone mineral density (BMD) DXA 

z scores at the spine in athletes with and without evidence 

of hyperandrogenism as well as another comparator group 

of females with anorexia nervosa. Although causality is dif-

ficult to establish in a retrospective study, the LH/FSH ratio 

may well serve as a marker of metabolic and skeletal health 

in young athletic females. Therefore, it may serve not just 

as a diagnostic tool but also indicate when further screening 

for metabolic risk factors may be warranted. An important 

clinical implication of our study findings pertains to manage-

ment of these females. While the existing treatment focuses 

on energy repletion above all else, one may have to exercise 

some caution prior to recommending significant increase in 

caloric intake or weight in this subset of hyperandrogenic 

young women as their metabolic profiles may be adversely 

impacted. In the FHA-EX+HA group, a significant num-

ber of women had withdrawal bleeding after progesterone 
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challenge, serving as further evidence that menstrual dys-

function in this subset may arise from excessive androgen 

concentration or activity rather than hypoestrogenism. 

strengths
The strengths of our study include the comparison of athletic 

young women with menstrual dysfunction along with clini-

cal or biochemical hyperandrogenism with two comparator 

groups ie, women with FHA due to excessive exercise 

(FHA-EX) or anorexia nervosa (FHA-AN). Also, exclusion of 

subjects with potential disordered eating from FHA-EX+HA 

and FHA-EX was performed after extensive review of clinical 

charts. Further, the matching of BMI between groups allowed 

us to negate the impact of weight associated changes on 

metabolic and skeletal health parameters. Lastly, unlike prior 

investigations on the subject, we excluded women who were 

on any hormonal medications at the time of diagnosis in order 

to not impact the gonadotropin or androgen concentrations. 

limitations
There is a potential risk of selection bias conducting a 

retrospective observational study that selects groups from 

different specialties. Also, despite careful clinical review, 

it is possible that some subjects in the FHA-EX+HA and 

FHA-EX groups had some disordered eating while others 

meeting criteria for anorexia nervosa also had significant 

exercise habits but not documented in charts. Similarly, the 

distinction between amenorrhea secondary to FHA or hyper-

androgenism may be quite difficult as we relied on medical 

record diagnosis of FHA along with evidence of hyperandro-

genism to define the group FHA-EX+HA. We hope, however, 

that comparison to two groups with documented diagnoses 

of FHA due to exercise or anorexia nervosa alone with no 

clinical or biochemical evidence of hyperandrogenism would 

further support the conclusions reported. Additionally, miss-

ing or limited data for some parameters is also a challenge of 

retrospective data collection. Similarly, we relied solely on 

medical records to define the group FHA-EX+HA as athletes 

with FHA along with evidence of androgen excess, making 

the distinction between amenorrhea secondary to FHA or to 

FHA with hyperandrogenism difficult. We also acknowledge 

that in 2006, there was a change in the LH assay but this did 

not affect reference ranges and a validation study showed 

good correlation between the two immunoassays. Future 

prospective studies systematically studying the hormonal 

profile of young athletic women and body composition as 

well as markers of metabolic function are needed to further 

elucidate any underlying relationships. 

Conclusion
Young athletic women may suffer from menstrual dysfunction 

due to reasons other than energy depletion and FHA. In the 

subset of young active women with clinical or biochemical 

hyperandrogenism, higher LH/FSH ratios than similar aged 

women with comparable weight who suffer from FHA due to 

excessive exercise or anorexia nervosa can be seen. This can 

serve as an important diagnostic indicator and have clinical 

implications on management of this subset of young women 

since indiscriminate caloric repletion and weight gain may 

adversely impact their metabolic profile. Large, prospective 

studies are needed to delineate the relationship between these 

phenotypes in athletic women. 
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