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Background
Women with functional hypothalamic amenorrhea 
(FHA) can overlap with polycystic ovarian morphol-
ogy (PCOM) as frequently as 50% of cases. This preva-
lence for PCOM in women with FHA is higher than the 
one observed for the general population (range: 7-24%) 
[1]. The exact reasons remain unclear, why FHA women 
could be more prone to develop PCOM, and whether 
women with polycystic ovary syndrome (PCOS) are at 
increased risk for developing FHA. Regardless, women 
with FHA-PCOM demonstrate features that are similar 
to those observed in PCOS, such as high serum anti-
Mullerian hormone (AMH), hyper-responsiveness of 
luteinizing hormone (LH) to a Gonadotropin releasing 
hormone (GnRH) bolus and insulin resistance [1–3]. 
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Abstract
Background  Women with functional hypothalamic amenorrhea (FHA) reveal polycystic ovarian morphology (PCOM) 
in up to 50%. If stress sensitivity in women with polycystic ovary syndrome (PCOS) is the reason why PCOS women are 
prone to develop FHA, patients with FHA caused by stress should reveal PCOM more often.

Methods  In a retrospective cohort study, 38 stress-associated and 38 excessive exercise-induced FHA women were 
included. The main outcome parameter was PCOM. In addition, the focus was on general patient characteristics as 
well as on prolactin, dehydroepiandrosterone-sulphate (DHEAS), and anti-Mullerian hormone (AMH).

Results  PCOM was found in 34/76 patients (44.7%). The stress group showed a higher prevalence of PCOM than the 
excessive exercise group (57.9% versus 31.6%, p = 0.019) as well as higher prolactin levels (median 13.2ng/mL versus 
11.7ng/mL, p = 0.008) and a trend towards higher DHEAS levels (p = 0.058).

Conclusions  In FHA women, the PCOM prevalence was significantly higher in the stress-group than in the excessive 
exercise-group. The well-known stress sensitivity in women with PCOS might explain why PCOS women are prone to 
develop FHA as well as the high PCOM prevalence in FHA women.
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These similarities have led some to suggest that some 
FHA-PCOM patients initially had simple PCOS [1–3].

Women with PCOS seem to have a generalized 
increase in sympathetic nerve activity, suggesting that 
they suffer from increased stress and/or less adequate 
response to stressors [4]. Stress and stress sensitivity are 
well-recognized causes for FHA [5]. If this stress sensitiv-
ity in PCOS is the reason why PCOS women are prone to 
develop FHA, patients with FHA caused by stress alone 
should reveal PCOM more often than those who devel-
oped FHA based on excessive exercise. In addition, there 
may even be behavioral biases driving the overlap, where 
women with hyperandrogenism may have hormonally 
driven excessive exercise habits or women with PCOS 
exercise to avoid androgen associated weight gain. We 
aimed to evaluate this in a retrospective cohort study.

Methods
Study population and study design
This retrospective cohort study was conducted at the 
Clinical Division of Gynecologic Endocrinology and 
Reproductive Medicine of the Medical University of 
Vienna, Austria. We estimated that the prevalence of 
PCOM would be 40% in our FHA population [2] and 
that stress would increase the prevalence of PCOM (55% 
versus 25%). With these estimates, a sample size of 38 
patients per group would be necessary to detect a differ-
ence in stress-associated FHA-PCOM relative to exer-
cise-associated FHA (power 95%, alpha = 0.05). Thus, 76 
FHA women (38 “stress-associated”, 38 “excessive exer-
cise”) were included from January 2017 – March 2022. As 
previously described [2, 3, 6], a strict FHA definition was 
used (also see Table 1): secondary amenorrhea for at least 
six months and a negative progestogen challenge test with 
context of intense physical activity or notion of recent 
psychological stress, confirmed by a psychologic report. 
Pregnancy, hypothyroidism, and hyperprolactinemia 

and any organ-related pituitary dysfunction had to be 
excluded. Moreover, a BMI > 30.0  kg/m2 was also an 
exclusion criterion to exclude women with obesity-
related FHA. The study was approved by the local ethics 
committee (IRB number 1019/2023).

Parameters analyzed
The AKIM-software was used for data acquisition. Blood 
samples were obtained during amenorrhea and were 
analyzed at the local ISO-certified Department of Labo-
ratory Medicine, General Hospital of Vienna, Vienna, 
Austria according to ISO 15,189 quality standards: estra-
diol, follicle-stimulating hormone (FSH), LH, prolactin, 
AMH, testosterone, dehydroepiandrosterone-sulphate 
(DHEAS), and sex hormone-binding globulin (SHBG) 
were measured by the corresponding Cobas electroche-
miluminescence immunoassays (ECLIA) on Cobas e 602 
analyzers (Roche, Mannheim, Germany). On the same 
day, a vaginal ultrasound was performed with an “Aloka 
Prosound 6” ultrasound machine and an “UST-9124 
Intra Cavity transducer” (frequency range 3.0–7.5 MHz; 
Wiener Neudorf, Austria). PCOM, the main outcome 
parameter, was defined as when the number of follicles 
per ovary exceeded 12 [2, 3]. In addition, the following 
basic patient characteristics were also included: age at 
evaluation, body mass index (BMI), and the duration of 
amenorrhea.

Statistical analysis
Continuous variables are presented as medians with 
interquartile ranges (IQR), categorical parameters as 
numbers and frequencies. Factors associated with pres-
ence of PCOM were tested using a multivariable binary 
logistic regression model. For this model, odds ratios 
(OR) with their 95% confidence intervals (95%CI) and 
p-values are provided. Using the IBM Statistical Pack-
age for Social Science software 25.0 (level of significance: 
p < 0.05), groups were compared with the analysis of vari-
ance (ANOVA) and the Fisher’s exact test.

Results
PCOM was found in 34/76 patients (44.7%). The stress 
group showed a higher prevalence of PCOM than the 
excessive exercise group (57.9% versus 31.6%, p = 0.019). 
A longer previous duration of amenorrhea in the exces-
sive exercise group (p = 0.030) was noted (Table 2). How-
ever, BMI, testosterone, and SHBG levels were similar 
between the groups (Table  2). Of interest, not only was 
PCOM increased in stress-associated FHA relative to 
exercise-associated (57.9% versus 31.6%, p = 0.019), but 
prolactin was also significantly higher in patients with 
stress-associated FHA (median 13.2ng/mL, IQR 10.5–
18.7 versus median 11.7ng/mL, IQR 9.3–14.4; p = 0.008). 
In addition, adrenal androgens (DHEAS) were also 

Table 1  Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
Secondary amenorrhea for ≥ 6 months Pregnancy

Negative progestin test with oral dydrogesterone 
10 mg twice a day for ten days

Hypothyroidism

Together with at least one of the following: Acne, hirsutism

- Excessive exercise group: Exercising at least 
10 h per week, which included any type of 
exercise (dancing, aerobics, biking, etc.) or 
running at least 30 miles per week

Psychiatric dis-
eases using DSM 
IV criteria

- Stress group:
History of emotionally stressful events pre-
ceding the onset of amenorrhea included 
problems within the family, at school, at 
work or of psychosocial stress

Eating disorders 
according to the 
ICD-10 criteria

BMI < 18.5 kg/m2 
and BMI > 30.0 kg/m2
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increased 1.32 fold (median 2.43 µg/mL, IQR 1.50–3.21 
versus median 1.84  µg/mL, IQR 1.31–2.61; p = 0.058). 
Also of note, AMH was 1.56 fold higher in patients with 
stress-associated FHA than in exercise-associated FHA 
(median 3.87 ng/mL, IQR 2.23–6.22 versus median 
2.48ng/mL, IQR 1.68–4.82), though as with adrenal 
androgens, this finding was not statistically significant 
(p = 0.153).

A binary logistic regression model was used to evalu-
ate whether age, BMI, the duration of amenorrhea and 
the cause for FHA were associated with the presence of 
PCOM were tested (Table 3). Notably, only women with 
stress-induced FHA revealed a higher risk for PCOM 
(OR 3.001, 95%CI: 1.134–7.964; p = 0.027).

Discussion
Our findings were consistent with previous reports 
[1–3, 7], where a high overall prevalence of PCOM in 
FHA patients was found (about 45%). As hypothesized, 

the stress-associated FHA group revealed a significantly 
higher prevalence of PCOM compared to the excessive 
exercise group (Table  2). Stress versus excessive exer-
cise was the most important parameter associated with 
PCOM (Table 3). Women with stress-induced had higher 
mean AMH levels, as previously reported in women with 
FHA and PCOM compared to those without PCOM [1–
3]. Though these differences were not statistically signifi-
cant, there were only ten more patients with PCOM in 
the stress group, which may mean that the lack of a dif-
ference was attributable to sample size. Keeping in mind 
that women with PCOS reveal a generalized increase in 
sympathetic nerve activity, which suggests that they suf-
fer from increased stress and/or less adequate response 
to stressors [4], and that stress and stress sensitivity are 
well-recognized causes for FHA [5], our data support a 
link between stress and the presence of PCOM.

Notably, literature about the influence of stress on 
AMH levels is scarce. In non-PCOS women seeking 
infertility treatment, high stress levels did not correlate 
with AMH levels [8]. Cortisol is a well-known stress-bio-
marker [9]. While DHEA has been reported to be associ-
ated with cortisol levels, very low DHEA also negatively 
affected total testosterone [10]. It is well-established that 
abnormally low testosterone inhibits growth of small 
growing follicles, which then leads to reductions in gran-
ulosa cell mass and AMH levels [11]. However, this might 
not be true for women with PCOS, where high AMH is a 
marker of disease severity and likely the main disruptor 
of normal ovarian function [12] and usually higher corti-
sol levels are found than in controls [13]. In fact, we will 
not be sure about the changes which happen in women 
who develop FHA until we will be able to acquire longi-
tudinal data.

In addition to the rate of PCOM, there were higher 
prolactin as well as a trend towards higher DHEAS lev-
els in stress-induced FHA (p = 0.058). Chronic stress 
induces an intense cortisol production via an increased 
ACTH production and release from the POMC-neurons. 
At the same time, these neurons also secrete GABA, 
which acts as a stimulator of prolactin and can there-
fore lead to increased prolactin secretion [14]. Notably, 
prolactin has been mentioned as a possible serum bio-
marker of chronic stress and was found to be elevated in 
patients with burn out [15]. In addition, there was a trend 
towards higher DHEAS levels in stress-associated FHA. 
Due to stress-induced adrenal activity, this may be why 
adrenal androgens may be increased to a greater extent 
than ovarian androgens. Notably, DHEAS has also been 
claimed to be linked to chronic stress [15].

However, an alternative explanation could include 
underlying PCOS predisposing patients to stress, as 
PCOS is associated with higher rates of mood disorders, 
including depression.

Table 2  Main results according to FHA cause
Stress-in-
duced FHA

FHA due to 
excessive 
exercise

p

Age (years) * 25.5 (21.0;30.0) 26.0 (22.8;29.0) 0.962

BMI (kg/m2) * 20.0 (18.8;22.8) 19.7 (18.7;21.8) 0.467

Duration of amenorrhea 
(months) *

12.0 (5.8;24.0) 17.0 (11.8;36.0) 0.030

Prolactin (ng/mL) 13.2 (10.5;18.7) 11.7 (9.3; 14.4) 0.008

Follicle stimulating hormone 
(mIU/mL) *

4.6 (3.2;6.1) 3.7 (2.1;5.5) 0.333

Luteinizing hormone (mIU/
mL) *

2.5 (1.0;4.5) 1.6 (0.7;3.0) 0.298

Estradiol (pg/mL) * 23.5 (13.3;36.3) 19.5 (11.2;27.3) 0.168

Testosterone (ng/mL) * 0.22 (0.14;0.32) 0.20 (0.13;0.30) 0.619

Dehydroepiandrosterone-
sulphate (µg/mL) *

2.43 (1.50;3.21) 1.84 (1.31;2.61) 0.058

Sexual hormone binding 
globulin (nmol/L) *

68.7 
(55.1;101.1)

73.4 
(56.3;102.8)

0.407

AMH (ng/mL) * 3.87 (2.23;6.22) 2.48 (1.68;4.82) 0.153

PCOM # 22 (57.9) 12 (31.6) 0.019
Data are presented as *median (IQR) or # n (%)

Table 3  Binary logistic regression model: factors associated with 
presence of PCOM

PCOM Non-PCOM OR (95%CI) p
Age (years)* 25.0 

(22.0;29.3)
26.0 (22.0;28.3) 0.989 

(0.896;1.093)
0.832

BMI (kg/m2)* 19.7 
(18.7;22.8)

19.9 (18.8;21.7) 1.018 
(0.810;1.279)

0.878

Duration of amen-
orrhea (months)*

13.5 
(9.5;24.0)

15.0 (6.8;24.0) 1.002 
(0.973;1.031)

0.916

Stress-induced FHA 
(versus FHA due to 
excessive exercise)#

13.2 
(10.5;18.7)

11.7 (9.3; 14.4) 3.001 
(1.134;7.964)

0.027

Data are presented as *median (IQR) or # n (%)
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The study limitations, which need to be addressed, 
include the fact that matching of age and of duration 
of amenorrhea was not possible and the retrospective 
study design, which might have introduced some kind of 
selection bias despite the strict in- and exclusion crite-
ria (Table 1). Moreover, we cannot provide the exposure 
time to either excessive exercise or stress. This should 
also be seen as a limitation, since, hypothetically, expo-
sure time might be associated with the development of 
PCOM, despite the fact that the duration of amenor-
rhea was not of relevance (Table 3). One could also argue 
that the sample size was comparably small. However, 
only patients with FHA diagnosed by strict criteria were 
included. In addition, FHA patients with either stress or 
excessive exercise only - which excludes patients with a 
combination of both, weight loss, and/or eating disorders 
- are rare to find.

Conclusions
Women with stress-associated FHA revealed a higher 
PCOM prevalence than patients with FHA associated 
with excessive exercise. The well-known stress sensi-
tivity in women with PCOS might explain why PCOS 
women are prone to develop FHA, which then could give 
an explanation for the high PCOM prevalence in FHA 
women. Although the presented results seem reasonable, 
they can only provide a background for the mentioned 
hypothesis. Longitudinal data of different stages of FHA 
will be needed for a definite statement.
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OR	� Odds ratio
PCOM	� Polycystic ovarian morphology
SHBG	� Sexual hormone binding globulin
95%CI	� 95% confidence interval

Author Contribution
MH: study conception, data acquisition, data analysis/interpretation, drafting 
the work and revising it critically for important intellectual content, final 
approval of the version to be published, agreement to be accountable for 
all aspects of the workDD: study conception, data analysis/interpretation, 
drafting the work and revising it critically for important intellectual content, 
final approval of the version to be published, agreement to be accountable 
for all aspects of the workRM: study conception, data analysis/interpretation, 
drafting the work and revising it critically for important intellectual content, 
final approval of the version to be published, agreement to be accountable 
for all aspects of the workJPP: data analysis/interpretation, revising the work 
critically for important intellectual content, final approval of the version to be 
published, agreement to be accountable for all aspects of the workSG: data 
acquisition, revising the work critically for important intellectual content, final 
approval of the version to be published, agreement to be accountable for 
all aspects of the workJO: study conception, data acquisition, data analysis/
interpretation, drafting the work and revising it critically for important 

intellectual content, final approval of the version to be published, agreement 
to be accountable for all aspects of the work.

Funding
No funding received.

Data Availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by ethics committee of the Medical University of 
Vienna (IRB number 1019/2023). Due to the retrospective design, informed 
consent was not necessary, which is in accordance with the ethics committee 
of the Medical University of Vienna.

Consent for publication
Not applicable.

Competing interests
JO received remuneration for lecturing from Ferring GesmbH. All other 
authors report no conflict of interest.

Received: 20 February 2023 / Accepted: 2 May 2023

References
1.	 Makollé S, Catteau-Jonard S, Robin G, Dewailly D. Revisiting the serum level 

of anti-Müllerian hormone in patients with functional hypothalamic anovula-
tion. Hum Reprod. 2021;36:1043–51.

2.	 Hager M, Ott J, Marschalek J, Marschalek ML, Kinsky C, Marculescu R, Dewailly 
D. Basal and dynamic relationships between serum Anti-Müllerian hormone 
and gonadotropins in patients with functional hypothalamic amenorrhea, 
with or without polycystic ovarian morphology. Reprod Biol Endocrinol. 
2022;20:98.

3.	 Mayrhofer D, Dewailly D, Hager M, Marculescu R, Beitl K, Ott J. Functional 
hypothalamic amenorrhea with or without polycystic ovarian morphol-
ogy: a retrospective cohort study about insulin resistance. Fertil Steril. 
2022;118:11–185.

4.	 Lansdown A, Rees DA. The sympathetic nervous system in polycys-
tic ovary syndrome: a novel therapeutic target? Clin Endocrinol (Oxf ). 
2012;77:791–801.

5.	 Gordon CM, Ackerman KE, Berga SL, Kaplan JR, Mastorakos G, Misra M, 
Murad MH, Santoro NF, Warren MP. Functional hypothalamic amenorrhea: 
an endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 
2017;102:14–439.

6.	 Beitl K, Dewailly D, Seemann R, Hager M, Bünker J, Mayrhofer D, Holzer I, 
Ott J. Polycystic ovary syndrome phenotype D Versus Functional Hypotha-
lamic Amenorrhea with polycystic ovarian morphology: a retrospective 
study about a frequent Differential diagnosis. Front Endocrinol (Lausanne). 
2022;13:904706.

7.	 Robin G, Gallo C, Catteau-Jonard S, Lefebvre-Maunoury C, Pigny P, Duhamel 
A, Dewailly D. Polycystic ovary-like abnormalities (PCO-L) in women 
with functional hypothalamic amenorrhea. J Clin Endocrinol Metab. 
2012;97:4236–43.

8.	 Mitchell JM, Fee N, Roopnarinesingh R, Mocanu EV. Investigating the 
relationship between body composition, lifestyle factors, and anti-Müllerian 
hormone serum levels in women undergoing infertility assessment. Ir J Med 
Sci. 2022 [e-pub ahead print].

9.	 Karachaliou CE, Koukouvinos G, Goustouridis D, Raptis I, Kakabakos S, Petrou 
P, Livaniou E. Cortisol Immunosensors: a Literature Review. Biosens (Basel). 
2023;13:285.

10.	 Gleicher N, Seier K, Kushnir VA, Weghofer A, Wu YG, Wang Q, Albertini DF, 
Barad DH. Associations between peripheral androgens and cortisol in infer-
tile women. J Steroid Biochem Mol Biol. 2016;18:82–9.



Page 5 of 5Hager et al. Reproductive Biology and Endocrinology           (2023) 21:42 

11.	 Prizanti H, Gleicher N, Sen A. Androgen actions in the ovary: balance is key. J 
Endocrinol. 2014;222:R141–51.

12.	 Dewailly D, Barbotin AL, Dumont A, Catteau-Jonard S, Robin G. Role of Anti-
Müllerian hormone in the pathogenesis of polycystic ovary syndrome. Front 
Endocrinol (Lausanne). 2020;11:641.

13.	 Benjamin JJ, Kuppusamy M, Koshy T, Kalburgi Narayana M, Ramaswamy P. 
Cortisol and polycystic ovarian syndrome - a systematic search and Meta-
analysis of case-control studies. Gynecol Endocrinol. 2021;37:961–7.

14.	 Belda X, Fuentes S, Daviu N, Nadal R, Armario A. Stress-induced sensitization: 
the hypothalamic-pituitary-adrenal axis and beyond. Stress. 2015;18:269–79.

15.	 Noushad S, Ahmed S, Ansari B, Mustafa UH, Saleem Y, Hazrat H. Physiological 
biomarkers of chronic stress: a systematic review. Int J Health Sci (Qassim). 
2021;15:46–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Stress and polycystic ovarian morphology in functional hypothalamic amenorrhea: a retrospective cohort study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population and study design
	﻿Parameters analyzed
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


