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ABSTRACT 

Objective: Our study aimed to investigate the levels of anti-Müllerian hormone (AMH) 
to determine ovarian reserve in women in intensive care units experiencing metabolic and 

physiological stress. 

Materials and Methods: For this purpose, 37 women were hospitalized in the intensive 

care unit (ICU) of Siirt Training and Research Hospital between November 2022 and 

February 2023. The same number of healthy control groups were included in the study. 

Patient selection was based on acute physiology and chronic health assessment (APACHI 
II) score and injury severity score (ISS).Anti-müllerian hormone (AMH), follicle 

stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2) thyroid stimulating 

hormone (TSH), triiodothyronine (T3), tetraiodothyronine (T4), adrenocorticotropic 

hormone (ACTH), cortisol. , prolactin, C-reactive hormone (CRP) serum levels were 

examined 

Results: There was no significant difference in mean age between intensive care patients 
(29.3±8.3 , n=37) and control group (28.0±0.0, n=37) (p=0.349). A statistically 

significant difference was found between the AMH values between the patients 

hospitalized in the intensive care unit and the control group (p=0.012).AMH values were 

significantly lower in ICU patients. However, the T3 value was observed to be 

significantly lower in ICU patients compared to the control group (p < 0.0001). 

Additionally, prolactin, CRP, and cortisol values were found to be statistically 

significantly higher. 

Conclusion: This study revealed a significant decrease in anti-Müllerian hormone 

(AMH) levels among women experiencing metabolic and physiological stress in 

intensive care units. The lowered AMH levels suggest a potential impact on ovarian 

reserve in such conditions. Additionally, the observation of reduced T3 levels in ICU 

patients could indicate thyroid function alterations during times of stress. The elevated 

prolactin, CRP, and cortisol levels further underscore the physiological disruptions 

experienced by ICU patients. These findings emphasize the importance of considering 

hormonal and metabolic changes in critically ill women, particularly in relation to their 

ovarian health. Further research is warranted to elucidate the intricate mechanisms 

underlying these hormonal alterations and their potential long-term implications. 
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INTRODUCTION 

With changes in society, culture and living environment, women are more likely to suffer 

from psychophysiological health (1). Repeated and prolonged stress causes hypothalamic-

pituitary-adrenal (HPA) dysregulation that disrupts homeostasis (2). Activation of the HPA 

axis results in the secretion of various stress hormones, including glucocorticoids, 

corticotropin-releasing factor (CRF), and cortisol (3).When the organism is exposed to a 

metabolic stress such as trauma, infection, surgery, it gives some metabolic, endocrine and 

immunological responses in order to maintain its balance. 

It has been reported that hypothalamo-pituitary hormones, adrenocortical hormones, 

thyroid hormones, autonomic nervous system, arachidonic acid metabolites, opioids, 

cytokines, kallikrein kinin system play a role in this response (4). In the metabolic 

endocrine response to trauma, there is an increase in ACTH, cortisol, and growth hormone. 
It has been reported that there may be an increase or decrease in TSH, FSH and LH (6). 
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At the same time, the ovaries are the most dynamic organ in 

mammals. Follicular degeneration or atresia can occur at any 
stage of folliculogenesis during the estrous cycle to maintain 

ovarian homeostasis (7). The generally accepted mechanism 

is that elevated cortisol levels by various stressors trigger 

follicular atresia by interrupting steroid biosynthesis and 

maintenance of gonadotropin release (8, 9). These impaired 

conditions can cause irregular estrous cycles and anovulation 

in stressed females and mice (10). Generally, exposure to 

stress has a detrimental impact on reproductive potential, 

leading to a reduction in ovarian reserve. 

However, the relationship between metabolic stress and 

ovarian reserve in women after severe physiological trauma 

has not been examined. In recent years, anti-müllerian 
hormone (AMH) is a glycoprotein secreted by granulosa cells 

of small growing follicles and has proven to be a more 

reliable clinical marker of ovarian reserve (11, 12). 

This study analyzed whether metabolic stress was associated 

with serum AMH levels in women admitted to the intensive 

care unit. 

MATERIAL and METHODs 

Our aim in this study is to determine whether there is a 

relationship between metabolic stress and AMH in women 

hospitalized in Intensive Care Units, by comparing them with 

the control group. For this purpose, 37 women who were 

followed up in the Intensive Care Units of Siirt Training and 

Research Hospital between November 2022 and February 
2023 were included in the study. The same number (n:37) 

was compared with the control group consisting of fertile 

healthy women who had regular menstruation, were at the 

same age and parity as the patient group, had no ovarian 

pathology, and excluded the variables affecting the AMH 

level. The institutional ethics committee approved the study 

with the number “2022/11/01/01”. 

Patients in the ICU were included in the study based on acute 

physiology and chronic health assessment (APACHI II) and 

injury severity score (ISS) score.(13) AMH, FSH, LH, E2, 

TSH, T3, T4, prolactin, CRP, cortisol, ACTH levels were 

analyzed from plasma samples taken at 8 am on the 5th day 
of hospitalization of both groups. The population of our study 

was female patients hospitalized in intensive care units. (n: 

400) p: 2.66% and the confidence interval was 95%.The 

power (1-β) and margin of error (α) were determined for our 

study by calculating the sample size, and the power was 

planned to be at least 95% = DEFF*Np(1-p)]/ [(d2 /Z21-

α/2*(N-1)+p*(1-p)].The sample size was calculated as 37.  

 

 

 

 

 

 

 

 

Women over 18 and under 50 were included in both groups. 

Patients with premature ovarian failure, history of infertility,  
using oral contraceptives, previous ovarian surgery, taking 

chemotherapy drugs, smoking, political ovarian syndrome 

and obesity were excluded from the study. 

Statistical Analysis: Statistical analyzes were performed 

with IBM® SPSS® 26 (SPSS Inc., Chicago, IL, USA). The 

conformity of the variables to the normal distribution was 

examined using analytical methods (Kolmogorov-

Smirnov/Shapiro-Wilk tests). For continuous data, 

Descriptive analyses were given as mean±standard deviation 

and median, min-max. Descriptive statistics were made by 

giving frequency and percentage values of categorical 

variables obtained from sociodemographic and clinical 
information. In continuous data (biochemical parameters 

etc.), student t-test was used for independent groups when it 

showed normal distribution, and Mann-Whitney U test was 

used when there was non-parametric distribution to compare 

binary groups (ICU vs. control). Receiver Operating 

Characteristic (ROC) and Youden’s J  analysis was used to 

determine index cut-off value. A p-value below 0.05 was 

considered statistically significant. 

RESULTs 

There was no significant difference in mean age between 

intensive care patients (29.3±8.3 , n=37) and control group 

(28.0±0.0 ,n=37) (p=0.349). A statistically significant 

difference was found between the AMH values between the 
patients hospitalized in the intensive care unit due to any 

operation and the control group (p=0.012). ICU hospitalized 

AMH values were significantly lower. On the other hand, 

while the T3 value was found to be significantly lower than 

that of the ICU control group (p < 0.0001), prolactin, CRP, 

and cortisol values were observed to be statistically higher. 

In Table 2, the predictive properties of the parameters 

developing due to stress in the ICU were examined. 

Accordingly, when the AMH parameter drops below 1.74 

units, it becomes a statistically significant predictive 

parameter, with a sensitivity of 59.5% and specificity of 

70.3%, effectively distinguishing between ICU inpatients and 
control patients. In T3, 73.0% sensitivity and 86.5% 

specificity below 3.05 show predictive properties. 

Prolactin, CRP and cortisol parameters show a significant 

predictive feature as the cut-off values of 11.15, 5.00 and 

10.15 are exceeded, respectively. 
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Table 1. Comparison of biochemical parameters between groups 

Variables 
ICU patients  (n=37) Control group (n=37) 

p Value 
Mean±SD Median (Min-Max) Mean±SD Median (Min-Max) 

AMH 2,8±3,7 1,4(0,02-16,0) 3,4±2,4 2,9(0,4-10,4) 0,012 
FSH 3,9±3,0 2,9(0,2-13) 4,6±2,7 4,0(1,0-12,0) 0,141 
LH 4,9±4,2 4,0(0,1-17,0) 7,9±9,8 5,0(1,0-45,0) 0,108 
E2 76,1±66,4 54,0(11,8-262,0) 69,9±57,0 49,0(12,0-266,0) 0,850 

TSH 1,7±1,6 1,1(0,1-6,6) 1,8±1,4 1,3(0,3-6,2) 0,548 
T3 2,7±0,5 2,6(1,3-3,8) 3,3±0,2 3,2(2,7-3,7) <0,0001* 

T4 1,1±0,3 1,1(0,5-1,7) 1,1±0,1 1,0(0,9-1,3) 0,071* 
Prolactin 23,1±35,6 16,0(4,3-226,0) 11,5±10,9 9,0(5,0-70,5) <0,0001 
CRP 71,9±59,4 48,0(2,0-171,0) 3,8±3,4 3,0(1,0-18,0) <0,0001 
Cortizol 16,4±12,9 13,5(1,7-69,0) 10,0±4,5 9,5(4,0-21,0) 0,012 
ACTH 11,7±13,2 6,4(5,0-62,1) 9,1±6,2 6,8(5,0-36,8) 0,986 
Anti-müllerian hormone (AMH), follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2) thyroid 

stimulating hormone (TSH), triiodothyronine (T3), tetraiodothyronine (T4), adrenocorticotropic hormone (ACTH), cortisol. , 

prolactin , C-reactive hormone (CRP). For comparisons between groups, Mann-Whitney U test in non-parametric conditions and 

Student's t-test in parametric conditions were used. p<0.05 is statistically significant. 

 

Table 2. Predictive properties of stress-related parameters in ICU patients; ROC Analysis 

Variables AUC Std. Error p value 

Asymptotic 95% CI 
Sensitivity 
(%) 

Specificity 
(%) 

Cut-off 
Value 

Lower  
Bound 

Upper  
Bound 

AMH 0,671 0,064 0,012 0,204 0,455 59,5 70,3 1,74 
T3 0,854 0,046 <0,0001 0,055 0,237 73,0 86,5 3,05 
Prolactin 0,764 0,056 <0,0001 0,654 0,874 67,6 73,0 11,15 

CRP 0,920 0,035 <0,0001 0,853 0,988 89,2 86,5 5,00 
Cortizol 0,671 0,065 0,012 0,544 0,797 70,3 59,5 10,15 

Anti-müllerian hormone (AMH), follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2) 
thyroid stimulating hormone (TSH), triiodothyronine (T3), tetraiodothyronine (T4), adrenocorticotropic hormone 
(ACTH), cortisol. , prolactin , C-reactive hormone (CRP).ROC analysis was performed and p<0.05 is 
significant.AUC; Area under curve, CI; Confidence Interval 

 

 
Figure 1. Predictive properties of stress-related parameters in ICU patients 
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DISCUSSION 

Studies have indicated that the degree of suppression of both 

the central and peripheral axis of the reproductive axis in 

acute diseases correlates with the severity of the disease. It is 
reported that this suppression is affected apart from other 

factors (eg, age, drugs, head trauma, liver failure, etc.) that are 

known to change the reproductive axis independent of critical 

illnesses. The findings also report a general endocrine 

response to acute illness involving several hormonal axes, 

graded according to disease severity. Our study found a 

statistically significant difference between the AMH values 

between the patients hospitalized in the intensive care unit 

and the control group (p=0.012). AMH values were 

significantly lower in ICU hospitalized patients. 

Dong YZ et al, in a cross-sectional study involving 576 

women in the association of psychological stress AMH, 
reported that high psychological stress was associated with 

decreased AMH level in infertile women. They reported that 

psychological stress can affect ovarian reserve.(15). In the 

Mínguez-Alarcón L et al. study involving 520 patients, higher 

stress scores were negatively associated with antral follicle 

counts and serum AMH levels. Women at the second and 

third levels of stress scores also reported having lower mean 

serum AMH compared to women at the lowest levels. (16) In 

the study of 24 women in which, they investigated the 

associations between perceived stress, biomarkers of 

hypothalamic-pituitary-adrenal (HPA) activity, gonadotropin 
levels, and anti-Müllerian hormone (AMH) in women who 

have survived childhood cancer, the authors also found an 

inverse relationship between perceived stress and ovarian 

function. And found a positive correlation between HPA 

activity and ovarian function biomarkers (17). 

According to Gao et al. They noted that after 8 weeks of 

chronic stress exposure, the number of primordial and 

preantral follicles and corpus luteum were significantly 

reduced in mice. In addition, model mice displayed elevated 

serum levels of follicle-stimulating hormone and 

corticosterone, along with reduced levels of luteinizing 

hormone, estradiol, testosterone, and anti-Müllerian hormone 
when compared to control mice (18). 

 Experimental research shows that prenatal stress affects 

reproductive function in female offspring, but human 

evidence is sparse and inconsistent. Bräuner et al. noted that 

maternal psychological stress in late pregnancy was 

associated with significantly higher uterine volume and 

ovarian antral follicle count (AFC) in adolescent offspring, 

but did not affect ovarian antimullerian hormone (AMH) or 

Inhibin B production (19). 

In our study, T3 value was found to be significantly lower in 

ICU patients compared to the control group (p<0.0001), while 
prolactin, CRP, and cortisol values were found to be 

statistically higher. The cause of the changes remains unclear 

but may have been influenced by the close relationship 

between thyroid hormones, catecholamines and cortisol. 

Exogenous steroids suppress T3, so post-operative 

hypercortisolemia may also suppress T3 concentrations (20). 

 

 

In our study, prolactin, CRP and cortisol parameters show a 

significant predictive feature as the cut-off values of 11.15, 
5.00 and 10.15 are exceeded, respectively. Cortisol, CRP 

increases were negatively correlated with AMH. 

Mitchell JM et al. In a study in which they examined the 

relationship between body mass index (BMI) and lifestyle 

factors such as smoking, alcohol intake, nutrition, exercise 

and stress, it was not found to be associated with AMH levels 

in women.(21) Shalom-Paz E et al. In their rat study, the 

researchers indicated that chronic maternal inflammation 

resulted in intrauterine growth restriction in offspring and led 

to decreased AMH levels due to follicular apoptosis (22). 

Davidson et al., in their study involving female firefighters, 

also investigated the potential negative impacts of 
occupational exposure on the reproductive system in women 

with extensive work experience. Firefighter women had lower 

levels of AMH than non-firefighters. They noted that more 

research is needed to understand the mechanisms by which 

firefighting can reduce AMH and affect fertility (23). Women 

with POI had continuous exposure to adverse life events 

related to work stress, family stress, and trouble sleeping (24). 

The limitations of our study are that our study includes the 

acute period of physiological stress, does not examine the 

long-term results, and cannot categorize patient groups. 

However, its strengths are that it is the first study to examine 
the effects of physiological stress on the reproductive system. 

CONCLUSION 

The majority of women express apprehension regarding the 

reproductive implications of past physiological stress. These 

patients often grapple with confusion and a lack of awareness 

about the repercussions of negative experiences on their 

reproductive system post-discharge and recovery. Our study 

serves to partially address the information gap in this area. 

The findings from my research demonstrate a reduction in 

AMH levels among ICU patients. Additionally, there is a 

correlated decline in AMH levels as cortisol levels increase. 

Consequently, it becomes evident that this circumstance has 

detrimental effects on ovarian reserves in women subjected to 

acute trauma. 

Acknowledgements: None 

Conflict of interest: The authors declared no potential 

conflicts of interest with respect to the research, authorship, 

and/or publication of this article.  

Author Contributions: SA, MY; contributed to the 

conception of the work, patient examinations, execution of 

the study, SA; revision of the draft, approval of the final 

manuscript version, and concur with all aspects of the work. 

All authors have reviewed the manuscript, and affirm that 

they fulfill the ICMJE criteria for authorship. 

Ethical approval: All procedures followed were in 
accordance with the ethical standards of the responsible 

committee on human experimentation (institutional and 

national) and/or with the Helsinki Declaration of 1964 and 

later versions.  

 

 



 

Aksin et al                                                                                          http://dx.doi.org/10.36472/msd.v10i9.1032 

654 
Medical Science and Discovery, 2023; 10(9):650-654 

REFERENCES 

1. Nakamura K, Sheps S, Arck PC. Stress and reproductive failure: past 

notions, present insights and future directions. J Assist Reprod Genet. 

2008 Feb-Mar;25(2-3):47-62. doi: 10.1007/s10815-008-9206-5. Epub 

2008 Feb 15. PMID: 18274890; PMCID: PMC2582116. 

 

2. Hotamisligil GS, Davis RJ. Cell Signaling and Stress Responses. Cold 

Spring Harb Perspect Biol. 2016 Oct 3;8(10):a006072. doi: 

10.1101/cshperspect.a006072. PMID: 27698029; PMCID: 

PMC5046695. 

3. Karin O, Raz M, Tendler A, Bar A, Korem Kohanim Y, Milo T, Alon 

U. A new model for the HPA axis explains dysregulation of stress 

hormones on the timescale of weeks. Mol Syst Biol. 2020 

Jul;16(7):e9510. doi: 10.15252/msb.20209510. PMID: 32672906; 

PMCID: PMC7364861. 

4. Zhai QY, Wang JJ, Tian Y, Liu X, Song Z. Review of psychological 

stress on oocyte and early embryonic development in female mice. 

Reprod Biol Endocrinol. 2020 Oct 13;18(1):101. doi: 10.1186/s12958-

020-00657-1. PMID: 33050936; PMCID: PMC7552561. 

5. Şimşek, T., Şimşek, H. U., & Cantürk, N. Z. (2014). Travmaya cevap 

ve metabolik değişiklikler: posttravmatik metabolizma. Turkish 

Journal of Surgery/Ulusal Cerrahi Dergisi, 30(3). 

6. Desborough JP. The stress response to trauma and surgery. Br J 

Anaesth. 2000 Jul;85(1):109-17. doi: 10.1093/bja/85.1.109. PMID: 

10927999. 

7. Gougeon A. Human ovarian follicular development: from activation of 

resting follicles to preovulatory maturation. Ann Endocrinol (Paris). 

2010 May;71(3):132-43. doi: 10.1016/j.ando.2010.02.021. Epub 2010 

Apr 2. PMID: 20362973. 

8. Whirledge S, Cidlowski JA. Glucocorticoids, stress, and fertility. 

Minerva Endocrinol. 2010 Jun;35(2):109-25. PMID: 20595939; 

PMCID: PMC3547681. 

9. Whirledge S, Cidlowski JA. A role for glucocorticoids in stress-

impaired reproduction: beyond the hypothalamus and pituitary. 

Endocrinology. 2013 Dec;154(12):4450-68. doi: 10.1210/en.2013-

1652. Epub 2013 Sep 24. PMID: 24064362; PMCID: PMC3836069. 

10. Kala M, Nivsarkar M. Role of cortisol and superoxide dismutase in 

psychological stress induced anovulation. Gen Comp Endocrinol. 2016 

Jan 1;225:117-124. doi: 10.1016/j.ygcen.2015.09.010. Epub 2015 Sep 

21. PMID: 26393311. 

11. Grynnerup AG, Lindhard A, Sørensen S. Recent progress in the utility 

of anti-Müllerian hormone in female infertility. Curr Opin Obstet 

Gynecol. 2014 Jun;26(3):162-7. doi: 

10.1097/GCO.0000000000000068. PMID: 24722366. 

12. Park HJ, Lyu SW, Seok HH, Yoon TK, Lee WS. Anti-Müllerian 

hormone levels as a predictor of clinical pregnancy in in vitro 

fertilization/intracytoplasmic sperm injection-embryo transfer cycles 

in patients over 40 years of age. Clin Exp Reprod Med. 2015 

Dec;42(4):143-8. doi: 10.5653/cerm.2015.42.4.143. Epub 2015 Dec 

31. PMID: 26816873; PMCID: PMC4724598..  

13. Erkoç, S. K., Karabak, P., Baytaş, V., Yılmaz, A. A., & Bayar, M. K. 

(2021). Trauma-related Admissions to Intensive Care Unit: Single 

Center Experience for Major Trauma. Journal of Ankara University 

Faculty of Medicine, 74(1), 104. 

 

 

 

 

 

 

 

 

 

 

14. D I Spratt and others, Reproductive axis suppression in acute illness is 

related to disease severity, The Journal of Clinical Endocrinology & 

Metabolism, Volume 76, Issue 6, 1 June 1993, Pages 1548–1554, 

https://doi.org/10.1210/jcem.76.6.8501163 

15. Dong YZ, Zhou FJ, Sun YP. Psychological stress is related to a 

decrease of serum anti-müllerian hormone level in infertile women. 

Reprod Biol Endocrinol. 2017 Jul 11;15(1):51. doi: 10.1186/s12958-

017-0271-4. PMID: 28693593; PMCID: PMC5504612. 

16. Mínguez-Alarcón L, Williams PL, Souter I, Ford JB, Hauser R, 

Chavarro JE; Earth Study Team. Perceived stress and markers of 

ovarian reserve among subfertile women. Reprod Biomed Online. 

2023 Jun;46(6):956-964. doi: 10.1016/j.rbmo.2023.01.024. Epub 2023 

Feb 8. PMID: 37085427; PMCID: PMC10247401. 

17. Hardy TM, Garnier-Villarreal M, Ohlendorf JM, McCarthy DO. 

Chronic Stress and Ovarian Function in Female Childhood Cancer 

Survivors. Oncol Nurs Forum. 2019 May 1;46(3):E75-E85. doi: 

10.1188/19.ONF.E75-E85. PMID: 31007257. 

18. Gao L, Zhao F, Zhang Y, Wang W, Cao Q. Diminished ovarian 

reserve induced by chronic unpredictable stress in C57BL/6 mice. 

Gynecol Endocrinol. 2020 Jan;36(1):49-54. doi: 

10.1080/09513590.2019.1631274. Epub 2019 Jul 4. PMID: 31269828. 

19. Bräuner EV, Koch T, Doherty DA, Dickinson JE, Juul A, Hart R, 

Hickey M. The association between in utero exposure to maternal 

psychological stress and female reproductive function in adolescence: 

A prospective cohort study. Compr Psychoneuroendocrinol. 2020 Dec 

18;5:100026. doi: 10.1016/j.cpnec.2020.100026. PMID: 35754448; 

PMCID: PMC9216597. 

20. Desborough JP. The stress response to trauma and surgery. Br J 

Anaesth. 2000 Jul;85(1):109-17. doi: 10.1093/bja/85.1.109. PMID: 

10927999. 

21. 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. 2023 Aug;192(4):1909-1915. doi: 

10.1007/s11845-022-03148-x. Epub 2022 Sep 17. PMID: 36114934. 

22. Shalom-Paz E, Weill S, Ginzberg Y, Khatib N, Anabusi S, Klorin G, 

Sabo E, Beloosesky R. IUGR induced by maternal chronic 

inflammation: long-term effect on offspring's ovaries in rat model-a 

preliminary report. J Endocrinol Invest. 2017 Oct;40(10):1125-1131. 

doi: 10.1007/s40618-017-0681-3. Epub 2017 May 6. PMID: 

28478547. 

23. Davidson S, Jahnke S, Jung AM, Burgess JL, Jacobs ET, Billheimer 

D, Farland LV. Anti-Müllerian Hormone Levels among Female 

Firefighters. Int J Environ Res Public Health. 2022 May 

14;19(10):5981. doi: 10.3390/ijerph19105981. PMID: 35627519;  

24. Sun J, Fan Y, Guo Y, Pan H, Zhang C, Mao G, Huang Y, Li B, Gu T, 

Wang L, Zhang Q, Wang Q, Zhou Q, Li B, Lai D. Chronic and 

Cumulative Adverse Life Events in Women with Primary Ovarian 

Insufficiency: An Exploratory Qualitative Study. Front Endocrinol 

(Lausanne). 2022 Jun 23;13:856044. doi: 10.3389/fendo.2022.856044. 

PMID: 35813658; PMCID: PMC9259945. 

 

 

 

 

 

 

 

 
Copyright © 2023 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), (CC BY NC) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. International Journal of Medical Science and Discovery.  


