
Ghrelin is Independently Associated with Anti-Mullerian 
Hormone Levels in Obese but not Lean Women with Polycystic 
Ovary Syndrome

Margaret C. Garin,
Division of Endocrinology, Diabetes and Metabolism, Department of Medicine, Perelman School 
of Medicine, University of Pennsylvania, Philadelphia, PA

Samantha F. Butts,
Department of Obstetrics and Gynecology, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA

David B. Sarwer,
Center for Weight and Eating Disorders, Department of Psychiatry, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA

Kelly C. Allison,
Center for Weight and Eating Disorders, Department of Psychiatry, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA

Suneeta Senapati, and
Department of Obstetrics and Gynecology, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA

Anuja Dokras
Department of Obstetrics and Gynecology, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA

Abstract

Ghrelin is an endogenous appetite stimulant that may have a role in ovarian function. Women with 

polycystic ovary syndrome (PCOS) have anovulation and frequently weight management issues; 

however the associations between ghrelin and hormonal markers in PCOS have not been well 

studied. In order to characterize the association between total ghrelin levels and ovarian function 

and the possible modification of this relationship by obesity, we examined total ghrelin levels and 

AMH, total testosterone, and insulin in obese and lean women with and without PCOS. Total 

ghrelin levels were lower in obese women with PCOS (n=45) compared to obese controls (n=33) 

(p=0.005), but similar in lean women with PCOS (n=20) compared to lean controls (n=21) 

(p=NS). In the obese PCOS group, AMH was associated with ghrelin levels independent of age, 

insulin, and total testosterone (p=0.008). There was no association between total ghrelin and AMH 
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levels in lean women with PCOS, lean controls, or obese controls (p=NS). Our results provide 

evidence for a potential relationship between ghrelin and ovarian function in obese women with 

PCOS that was not observed in lean women with PCOS or controls.
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Introduction

The associations between weight, metabolism, and fertility have been clinically observed in 

women, but these relationships are not well-defined. Ghrelin has been suggested as a 

potential link between energy homeostasis and fertility. Ghrelin is an endogenous ligand 

specific for the GH secretagogue receptor (GHS-R) [1] that is secreted by the stomach and 

acts as an appetite stimulant, regulator of energy intake [2–4], and may affect fertility 

through suppression of the hypothalamic-pituitary-gonadal axis [5–6]. Additionally, ghrelin 

and its receptor have been localized in the human and rodent ovary suggesting a direct role 

for ghrelin in ovarian function [7–11]. Obesity is an independent predictor of low ghrelin 

levels [12–13], and is also associated with decreased fertility [14–15].

Polycystic ovary syndrome (PCOS), is a condition characterized by frequent anovulation 

secondary to dysregulation of the hypothalamic pituitary ovarian axis which is commonly 

associated with obesity. It is unclear whether the pathophysiology resulting in decreased 

fertility in obese women with PCOS is similar to that in lean women with PCOS or healthy 

obese women. Given the known relationships between ghrelin levels and both energy 

homeostasis and fertility, characterization of ghrelin levels in women with PCOS is of 

interest. Several studies have described lower serum ghrelin levels in obese women with 

PCOS compared to non-affected women [16–19]; however, no studies have extensively 

characterized these levels in a cohort comprised of obese and lean women with and without 

PCOS. Anti-mullerian hormone (AMH), a member of the TGFβ family, is produced by 

ovarian granulosa cells and its serum levels are positively associated with PCOS [20–21] and 

inversely associated with obesity [22]. AMH has been proposed as a potential diagnostic 

criterion for PCOS and has been shown to correlate with multiple features of the syndrome 

[20]. Although ghrelin and AMH levels have been assessed in women with PCOS [23], only 

one study has reported the association between total ghrelin and AMH levels in obese 

women with PCOS and did not assess comparator groups[24].

Although PCOS is often associated with increased body mass, alterations in energy 

homeostasis [25], and dysregulation of appetite [18, 26–27], not all women with PCOS are 

overweight or obese. To elucidate the potential association between ghrelin and ovarian 

function in PCOS, and to see if this relationship is modified by the obese disease state, we 

examined the relationship between total ghrelin and AMH and other hormones dysregulated 

in PCOS in both obese and lean women. We hypothesized that the relationship between total 

ghrelin and AMH would differ between women with PCOS and controls, and that this effect 

would be modified by obesity.
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Subjects and Methods

Subjects

Subjects between the ages of 21-50 years meeting well-defined criteria for PCOS based on 

evidence of clinical or biochemical hyperandrogenism and oligomenorrhea were included in 

this study [28]. All PCOS subjects were recruited from the PCOS clinic and screened with 

testing for TSH, prolactin, DHEAS and 17 hydroxy progesterone to exclude alternative 

causes of oligomenorrhea and hyperandrogenism. Control participants were recruited 

simultaneously from a random sample of healthy women receiving routine gynecologic care 

and had no history of irregular menstrual cycles, or evidence of hyperandrogenism such as 

hirsutism or acne. Demographic and medical information was collected on all subjects. 

None of the subjects had existing cardiovascular disease or current symptoms of 

cardiovascular disease such as shortness of breath and chest pain [29–30]. Other exclusion 

criteria for all subjects included pregnancy, lactation, hysterectomy, menopause, and chronic 

illnesses such as asthma and inflammatory bowel disease, missing laboratory values or 

demographic characteristics. Only subjects with complete data were included in this study. 

The University of Pennsylvania Institutional Review Board approved the study and written 

informed consent was obtained from all participants.

Methods

Fasting blood serum samples collected at random and stored at −70 C were used for 

analysis. Glucose was measured using standard enzymatic methods. Insulin and testosterone 

were measured by radioimmunoassay using human specific kits (EMD Millipore, Billerica, 

MA, USA). AMH levels were measured using the Gen II enzyme linked immunosorbent 

assay (Beckman Coulter, Brea, CA, USA) and total ghrelin was measured using a 

radioimmunoassay kit (EMD Millipore, Billerica, MA, USA). Body mass index (BMI) was 

calculated as kilograms per meter squared. Women with obesity were defined as BMI 

≥30kg/m2. Lean women were defined as BMI <30 kg/m2.

Statistical analysis

Continuous data were reported as medians with interquartile ranges (IQR). Univariate 

associations between continuous variables were tested using Spearman’s correlations, 

Wilcoxon rank sum tests and simple linear regression. Ghrelin and AMH were log 

transformed to smooth the variable distributions for analysis. Multivariable linear regression 

was performed to determine the relationship between log transformed ghrelin and log 

transformed AMH, PCOS status, and obese disease state, adjusting for relevant covariates 

We pursued a rational approach to model building that incorporated forward selection of 

covariates with significant associations in univariate testing. All tests were considered 

significant at the p<0.05 level. Statistical tests were performed using STATA 12 software 

(College Station, TX).

Results

The data included 4 groups: 45 women with obesity and PCOS, 33 control women with 

obesity, 20 lean women with PCOS, and 21 lean controls. Baseline characteristics are shown 
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in Table 1. Between group differences in ghrelin were investigated, and obese women with 

PCOS had significantly lower total ghrelin levels compared to obese controls (p=0.005). 

Lean women with PCOS and lean controls had similar ghrelin levels (p=NS).

In a univariate analysis (Table 2), total ghrelin had a significant negative correlation with 

AMH in obese women with PCOS only (p=0.007). In lean women with PCOS, BMI was 

associated with ghrelin levels (p=0.02). Ghrelin and age were associated in healthy obese 

women (p=0.04). Age, BMI, TT, and insulin correlated with ghrelin in the total cohort 

(p<0.05).

Multiple regressions

A multivariable model of the whole cohort with PCOS as a dichotomous variable and BMI 

as a continuous variable, adjusted for age, total testosterone and insulin, failed to 

demonstrate a significant inverse association between log ghrelin and log AMH (p=0.12). In 

this model, only BMI (p<0.001) and insulin (p=0.021) had significant negative associations 

with log ghrelin. When the analysis was stratified by PCOS status and obese disease state, a 

significant inverse relationship between log ghrelin and log AMH was found in the obese 

women with PCOS (p=0.008), adjusted for age, TT, BMI and insulin (Table 3). This 

association was not found in lean women with PCOS, lean controls, or obese controls (Table 

3).

Discussion

This is the first study assessing the relationship between endogenous serum total ghrelin 

levels and AMH, independent of androgens and insulin resistance, in both obese and lean 

women with PCOS and controls. Ghrelin levels were lowest in obese women with PCOS 

compared to obese controls, lean controls, and lean women with PCOS. Moreover AMH 

levels are associated with total ghrelin levels independent of androgens, insulin resistance, 

and age in obese women with PCOS but not in the other groups of the cohort. Total ghrelin 

levels were similar in lean PCOS women and lean controls, as has been shown before [31].

Many hormones and neuropeptides in the energy homeostasis pathway, including insulin, 

kisspeptin, leptin, neuropeptide Y, and ghrelin, have been identified as possible connections 

between appetite, weight and fertility [32]. Due to the high prevalence of obesity and 

anovulatory infertility in PCOS, the interactions of these hormones are particularly relevant. 

Ghrelin was first noted as an appetite stimulant in rats [2–3] and humans [33–34] but has 

more recently been found to possibly have central effects on fertility in healthy women by 

suppressing LH and FSH secretion after repeated, but not single doses, of exogenous ghrelin 

[5–6]. Ghrelin may also have direct effects on ovarian steroidogenesis and oocyte maturation 

through local expression of ghrelin and the GH secretagogue receptor [7–11]. Our study 

focused on total ghrelin levels in women with PCOS as previous reports suggested that total 

ghrelin levels were lower in obese adolescents [31] and adults [16–17, 19, 35–36] with 

PCOS compared to controls.

PCOS is a complex disorder characterized by androgen excess, ovulatory dysfunction and 

polycystic appearing ovaries and has been associated with an increased risk of impaired 
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glucose tolerance and impaired fertility [37]. AMH levels are elevated in women with PCOS 

[20–21] and associated with increased preantral and antral ovarian follicles [38]. Many 

women with PCOS are overweight or obese, supporting the hypothesis that appetite 

dysregulation [18, 26] or impaired energy homeostasis [25] may play a role in this 

condition; however, not all women with PCOS experience excess adiposity. Although 

ghrelin plays a role in appetite and weight regulation, and lower fasting and post prandial 

levels of ghrelin are reported in PCOS, there is limited information on whether obesity 

might modulate the hormonal associations of ghrelin levels in women with PCOS. To our 

knowledge only one prior study has examined the relationship between AMH and total 

ghrelin levels in PCOS, and it reported that ghrelin was associated with AMH levels in 

women with obesity and PCOS [24] but did not assess this relationship in comparison to 

lean women with PCOS or controls.. The only other study of correlates of ghrelin levels in 

lean PCOS did not assess AMH levels[39]

Taken as a group, obese women with PCOS appear to have differences in their energy 

homeostasis-reproduction axis compared to lean women with PCOS. Clearly, weight loss is 

not an acceptable therapy for women with PCOS who are already at a healthy weight, but 

weight loss is an efficacious therapy for restoring cyclicity in obese women [24]. Some 

studies have shown that weight loss may decrease AMH and increase ghrelin levels in 

women with or without PCOS [40–42]. However, obese women with PCOS may not be 

homogenous in this respect, and it is possible that some individual obese women with PCOS 

have hormonal profile that mirror those of lean women. Perhaps the ovarian dysfunction in 

lean PCOS is more intrinsic, whereas the dysfunction in some women with obese PCOS is 

modifiable. This might explain why approximately 40% of obese women do not respond to 

weight loss with improved ovarian function [24]. It is unclear why only obese women with 

PCOS have very low ghrelin levels and why only that subgroup has an inverse relationship 

between ghrelin and AMH; additionally, the directionality of the relationship is still 

undetermined.

There is more evidence that might explain why we find low ghrelin levels in obese patients. 

Previous studies in women with PCOS suggest that low ghrelin levels contribute to obesity. 

Diminished ghrelin response to a meal may result in failure of the satiety signal and 

contribute to appetite dysregulation in women with PCOS [17, 43] and this blunting may be 

more pronounced in obese rather than lean PCOS [44]. These results suggest a plausible 

mechanism for how low baseline ghrelin levels and ghrelin dysregulation could contribute to 

obesity in patients predisposed to the obese PCOS phenotype. But it is unclear, then, why 

decreases in adiposity would increase ghrelin levels if low ghrelin is the driver of adiposity. 

A negative feedback loop might exist, and might explain why weight loss is often difficult to 

achieve in patients with PCOS.

This study is limited by the smaller sample size of the lean subgroups. However, the aim of 

this study was to describe trends in total ghrelin levels in lean and obese women with PCOS, 

to add to current understanding, and to inform future study design. A relationship between 

total ghrelin and AMH in obese PCOS, and a difference in this relationship between obese 

PCOS and lean PCOS are evident from this data. These results showed that further study of 
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this area with larger sample sizes is warranted. The strengths of this study include use of the 

NIH criteria to define PCOS [28] and inclusion of lean women, and women without PCOS.

We report for the first time that total ghrelin levels are inversely associated with AMH levels 

in obese women with PCOS independent of total testosterone, insulin, and age. Overall, 

these results indicate that obesity may be a significant modifier of the association between 

metabolic factors such as ghrelin and markers of ovarian function and reserve such as AMH 

in women with PCOS. This relationship appears to differ between obese and lean women 

with PCOS and may partially explain differing responses to weight loss therapy between 

individual patients.

Acknowledgments

The research reported in this article was supported by T32DK007314 from the National Institute of Diabetes, 
Digestive, and Kidney Disorders (NIDDK); U54-HD-068157 from the National Institutes of Health (NIH); 
5P30ES013508-07 from the National Institute of Environmental Health Sciences (NIEHS); American Society for 
Metabolic and Bariatric Surgery Foundation

References

1. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is a growth-hormone-
releasing acylated peptide from stomach. Nature. 1999; 402:656–660. [PubMed: 10604470] 

2. Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa K, Matsukura S. A role for 
ghrelin in the central regulation of feeding. Nature. 2001; 409:194–198. [PubMed: 11196643] 

3. Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity in rodents. Nature. 2000; 407:908–
913. [PubMed: 11057670] 

4. Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS. A preprandial rise in 
plasma ghrelin levels suggests a role in meal initiation in humans. Diabetes. 2001; 50:1714–1719. 
[PubMed: 11473029] 

5. Messini CI, Dafopoulos K, Chalvatzas N, Georgoulias P, Messinis IE. Effect of ghrelin on 
gonadotrophin secretion in women during the menstrual cycle. Hum Reprod. 2009; 24:976–981. 
[PubMed: 19095668] 

6. Kluge M, Schussler P, Schmidt D, Uhr M, Steiger A. Ghrelin suppresses secretion of luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) in women. J Clin Endocrinol Metab. 2012; 
97:E448–451. [PubMed: 22259063] 

7. Gaytan F, Morales C, Barreiro ML, Jeffery P, Chopin LK, Heringon AC, Casaneuva FF, Aguilar E, 
Dieguez C, Tena-Sempere M. Expression of growth hormone secretagogue receptor type 1a, the 
functional ghrelin receptor, in human ovarian surface epithelium, mullerian duct derivatives, and 
ovarian tumors. J Clin Endocrinol Metab. 2005; 90:1798–1804. [PubMed: 15585554] 

8. Ghelardoni S, Carnicelli V, Frascarelli S, Ronca-Testoni S, Zucchi R. Ghrelin tissue distribution: 
comparison between gene and protein expression. J Endocrinol Invest. 2006; 29:115–121. [PubMed: 
16610236] 

9. Komarowska H, Wasko R, Iwanik K, Majewski P, Rafinska L, Warenik-Szymankiewicz A, Sowinski 
J. Ghrelin ovarian cell expression in patients with polycystic ovary syndrome: an 
immunohistochemical evaluation. Horm Metab Res. 2006; 38:783–788. [PubMed: 17163351] 

10. Viani I, Vottero A, Tassi F, Cremonini G, Sartori C, Bernasconi S, Ferrari B, Ghizzoni L. Ghrelin 
inhibits steroid biosynthesis by cultured granulosa-lutein cells. J Clin Endocrinol Metab. 2008; 
93:1476–1481. [PubMed: 18230661] 

11. Dovolou E, Messinis IE, Periquesta E, Dafopoulos K, Gutierrez-Adan A, Amiridis GS. Ghrelin 
accelerates in vitro maturation of bovine oocytes. Reprod Domes Anim. 2014; 49:665–672.

12. Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M, Nozoe S, Hosoda H, Kangawa 
K, Matsukura S. Plasma ghrelin levels in lean and obese humans and the effect of glucose on 
ghrelin secretion. J Clin Endocrinol Metab. 2002; 87:240–244. [PubMed: 11788653] 

Garin et al. Page 6

Endocrine. Author manuscript; available in PMC 2018 May 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. English PJ, Ghatei MA, Malik IA, Bloom SR, Wilding JP. Food fails to suppress ghrelin levels in 
obese humans. J Clin Endocrinol Metab. 2002; 87:2984. [PubMed: 12050284] 

14. Chavarro JE, Ehrlich S, Colaci DS, Wright DL, Toth TL, Petrozza JC, Hauser R. Body mass index 
and short-term weight change in relation to treatment outcomes in women undergoing assisted 
reproduction. Fertil Steril. 2012; 98:109–116. [PubMed: 22607889] 

15. Kuchenbecker WK, Groen H, Zijlstra TM, Bolster JH, Slart RH, van der Jagt EJ, Kobold AC, 
Wolffenbuttel BH, Land JA, Hoek A. The subcutaneous abdominal fat and not the intraabdominal 
fat compartment is associated with anovulation in women with obesity and infertility. J Clin 
Endocrinol Metab. 2010; 95:2107–2112. [PubMed: 20200335] 

16. Micic D, Sumarac-Dumanovic M, Kendereski A, Cvijovic G, Zoric S, Pejkovic D, Micic J, Milic 
N, Dieguez C, Casanueva FF. Total ghrelin levels during acute insulin infusion in patients with 
polycystic ovary syndrome. J Endocrinol Invest. 2007; 30:820–827. [PubMed: 18075283] 

17. Moran LJ, Noakes M, Clifton PM, Wittert GA, Le Roux CW, Ghatei MA, Bloom SR, Norman RJ. 
Postprandial ghrelin, cholecystokinin, peptide YY, and appetite before and after weight loss in 
overweight women with and without polycystic ovary syndrome. Am J Clin Nutr. 2007; 86:1603–
1610. [PubMed: 18065576] 

18. Moran LJ, Noakes M, Clifton PM, Wittert GA, Tomlinson L, Galletly C, Luscombe ND, Norman 
RJ. Ghrelin and measures of satiety are altered in polycystic ovary syndrome but not differentially 
affected by diet composition. J Clin Endocrinol Metab. 2004; 89:3337–3344. [PubMed: 15240612] 

19. Pagotto U, Gambineri A, Vicennati V, Heiman ML, Tschop M, Pasquali R. Plasma ghrelin, obesity, 
and the polycystic ovary syndrome: correlation with insulin resistance and androgen levels. J Clin 
Endocrinol Metab. 2002; 87:5625–5629. [PubMed: 12466363] 

20. Iliodromiti S, Kelsey TW, Anderson RA, Nelson SM. Can anti-Mullerian hormone predict the 
diagnosis of polycystic ovary syndrome? A systematic review and meta-analysis of extracted data. 
J Clin Endocrinol Metab. 2013; 98:3332–3340. [PubMed: 23775353] 

21. Olszanecka-Glinianowicz M, Madej P, Owczarek A, Chudek J, Skalba P. Circulating anti-
Mullerian hormone levels in relation to nutritional status and selected adipokines levels in 
polycystic ovary syndrome. Clin Endocrinol. 2014; 83:98–104.

22. Freeman EW, Gracia CR, Sammel MD, Lin H, Lim LC, Strauss JF 3rd. Association of anti-
mullerian hormone levels with obesity in late reproductive-age women. Fertil Steril. 2007; 87:101–
106. [PubMed: 17109858] 

23. Shen SH, Shen SY, Liou TH, Hsu MI, Chang YC, Cheng CY, Hsu CS, Tzeng CR. Obesity and 
inflammatory biomarkers in women with polycystic ovary syndrome. Eur J Obstet Gynecol 
Reprod Biol. 2015; 192:66–71. [PubMed: 26177495] 

24. Moran LJ, Noakes M, Clifton PM, Norman RJ. The use of anti-mullerian hormone in predicting 
menstrual response after weight loss in overweight women with polycystic ovary syndrome. J Clin 
Endocrinol Metab. 2007; 92:3796–3802. [PubMed: 17652213] 

25. Wright CE, Zborowski JV, Talbott EO, McHugh-Pemu K, Youk A. Dietary intake, physical 
activity, and obesity in women with polycystic ovary syndrome. Int J Obes Relat Metab Disord. 
2004; 28:1026–1032. [PubMed: 15159768] 

26. Hirschberg AL, Naessen S, Stridesberg M, Bystrom B, Holtet J. Impaired cholecystokinin 
secretion and disturbed appetite regulation in women with polycystic ovary syndrome. Gynecol 
Endocrinol. 2004; 19:79–87. [PubMed: 15624269] 

27. Sarwer DB, Allison KC, Gibbons LM, Markowitz JT, Nelson DB. Pregnancy and obesity: a review 
and agenda for future research. J Womens Health. 2006; 15:720–733.

28. Zawadzki, JK., Dunaif, A. Diagnostic criteria for polycystic ovary syndrome: towards a rational 
approach. In: Dunaif, A.Givens, JR.Haseltine, FP., Merriam, GR., editors. Polycystic Ovary 
Syndrome. Blackwell Scientific Publications; Boston: 1992. p. 377-384.

29. Shroff R, Kerchner A, Maifeld M, Van Beek EJ, Jagasia D, Dokras A. Young obese women with 
polycystic ovary syndrome have evidence of early coronary atherosclerosis. J Clin Endocrinol 
Metab. 2007; 92:4609–4614. [PubMed: 17848406] 

30. Roe A, Hillman J, Butts S, Smith M, Rader D, Playford M, Mehta NN, Dokras A. Decreased 
cholesterol efflux capacity and atherogenic lipid profile in young women with PCOS. J Clin 
Endocrinol Metab. 2014; 99:E841–847. [PubMed: 24512495] 

Garin et al. Page 7

Endocrine. Author manuscript; available in PMC 2018 May 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Ozgen IT, Aydin M, Guven A, Aliyazicioglu Y. Characteristics of polycystic ovarian syndrome and 
relationship with ghrelin in adolescents. J Pediatr Adolesc Gynecol. 2010; 23:285–289. [PubMed: 
20537572] 

32. Evans JJ, Anderson GM. Balancing ovulation and anovulation: integration of the reproductive and 
energy balance axes by neuropeptides. Hum Reprod Update. 2012; 18:313–332. [PubMed: 
22442260] 

33. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, Dhillo WS, Ghatei MA, 
Bloom SR. Ghrelin enhances appetite and increases food intake in humans. J Clin Endocrinol 
Metab. 2001; 86:5992. [PubMed: 11739476] 

34. Druce MR, Wren AM, Park AJ, Milton JE, Patterson M, Frost G, Ghatei MA, Small C, Bloom SR. 
Ghrelin increases food intake in obese as well as lean subjects. Int J Obes. 2005; 29:1130–1136.

35. Fusco A, Bianchi A, Mancini A, Milardi D, Giampietro A, Cimino V, Porcelli T, Romualdi D, 
Guido M, Lanzone A, Pontecorvi A, De Marinis L. Effects of ghrelin administration on endocrine 
and metabolic parameters in obese women with polycystic ovary syndrome. J Endocrinol Invest. 
2007; 30:948–956. [PubMed: 18250617] 

36. Guido M, Romualdi D, De Marinis L, Porcelli T, Giuliani M, Costantini B, Lanzone A. 
Administration of exogenous ghrelin in obese patients with polycystic ovary syndrome: effects on 
plasma levels of growth hormone, glucose, and insulin. Fertil Steril. 2007; 88:125–130. [PubMed: 
17276431] 

37. Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali R, Welt CK. Endocrine 
Society, Diagnosis and treatment of polycystic ovary syndrome: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. 2013; 98:4565–4592. [PubMed: 24151290] 

38. Pigny P, Merlen E, Robert Y, Cortet-Rudelli C, Decanter C, Jonard S, Dewailly D. Elevated serum 
level of anti-mullerian hormone in patients with polycystic ovary syndrome; relationship to the 
ovarian follicle excess and to the follicular arrest. J Clin Endocrinol Metab. 2003; 88:5957–5962. 
[PubMed: 14671196] 

39. Panidis D, Asteriadis C, Georgopoulos NA, Katsikis I, Zournatzi V, Karkanaki A, Saltamavros AD, 
Decavalas G, Diamanti-Kandarakis E. Decreased active, total and altered active to total ghrelin 
ratio in normal weight women with the more severe form of polycystic ovary syndrome. Eur J 
Obstet Gynecol Reprod Biol. 2010; 149:170–174. [PubMed: 20096985] 

40. Nybacka A, Carlstrom K, Fabri F, Hellstrom PM, Hirschberg AL. Serum antimullerian hormone in 
response to dietary management and/or physical exercise in overweight/obese women with 
polycystic ovary syndrome: secondary analysis of randomized controlled trial. Fertil Steril. 2013; 
100:1096–1102. [PubMed: 23876536] 

41. Matzko ME, Argyropoulos G, Wood GC, Chu X, McCarter RJ, Still CD, Gerhard GS. Association 
of ghrelin receptor promoter polymorphisms with weight following Roux-en-Y gastric bypass 
surgery. Obes Surg. 2012; 22:783–790. [PubMed: 22411573] 

42. Hill BR, Rolls BJ, Roe LS, De Souza MJ, Williams NI. Ghrelin and peptide YY increase with 
weight loss during a 12-month intervention to reduce dietary energy density in obese women. 
Peptides. 2013; 49:138–144. [PubMed: 24076434] 

43. Barber TM, Casanueva FF, Karpe F, Lage M, Franks S, McCarthy MI, Wass JA. Ghrelin levels are 
suppressed and show a blunted response to oral glucose in women with polycystic ovary 
syndrome. Eur J Endocrinol. 2008; 158:511–516. [PubMed: 18362298] 

44. Zwirska-Korczala K, Sodowski K, Konturek SJ, Kuka D, Kukla M, Brzozowski T, Cnota W, 
Wozniak-Grygiel E, Jaworek J, Buldak R, Rybus-Kalinowska B, Fryczowski M. Postprandial 
response of ghrelin and PYY and indices of low-grade inflammation in lean young women with 
polycystic ovary syndrome. J Physiol Pharmacol. 2008; 59(Suppl 2):161–178. [PubMed: 
18812636] 

Garin et al. Page 8

Endocrine. Author manuscript; available in PMC 2018 May 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garin et al. Page 9

Ta
b

le
 1

D
em

og
ra

ph
ic

s 
an

d 
la

bo
ra

to
ry

 v
al

ue
s 

in
 w

om
en

 w
ith

 P
C

O
S 

an
d 

co
nt

ro
ls

, m
ed

ia
n 

an
d 

in
te

rq
ua

rt
ile

 r
an

ge
 (

IQ
R

, 2
5th

-7
5th

 p
er

ce
nt

ile
)

O
be

se
 P

C
O

S
(n

=4
5

O
be

se
 c

on
tr

ol
(n

=3
3)

p-
va

lu
e

L
ea

n 
P

C
O

S
(n

=2
0)

L
ea

n 
C

on
tr

ol
(n

=2
1)

p-
va

lu
e

To
ta

l
(n

=1
19

)

A
ge

 (
ye

ar
s)

32
 (

26
, 3

6)
34

 (
30

, 3
8)

0.
2

29
 (

24
, 3

3)
28

 (
26

, 3
2)

0.
9

31
 (

26
, 3

6)

B
M

I 
(k

g/
m

2 )
39

.3
 (

35
.1

, 4
3.

5)
38

.7
 (

33
.5

, 4
1.

5)
0.

4
25

.9
 (

23
.2

, 2
7.

9)
22

.3
 (

20
.1

, 2
4.

3)
<

0.
00

1
34

.5
 (

26
.1

, 4
0.

4)

To
ta

l g
hr

el
in

(p
g/

m
L

)
68

3 
(5

87
, 8

33
)

85
2 

(7
04

, 1
04

9)
0.

00
5

12
53

 (
88

9,
 1

82
1)

10
12

 (
87

3,
 1

46
6)

0.
3

85
0 

(6
83

, 1
12

3)

A
M

H
 (

ng
/m

L
)

4.
5 

(2
.6

, 6
.6

)
2.

9 
(1

.4
, 4

.7
)

0.
00

2
8.

9 
(4

.0
, 1

0.
9)

5.
0 

(1
.7

, 6
.9

)
0.

00
5

4.
3 

(2
.4

, 6
.7

)

To
ta

l t
es

to
st

er
on

e 
(n

g/
dL

)
58

 (
40

, 8
6)

35
 (

22
, 4

5)
<

0.
00

1
55

 (
37

, 7
0)

21
 (

10
, 3

5)
<

0.
00

1
43

 (
27

, 6
2)

In
su

lin
 (

uU
/m

L
)

20
.8

 (
15

.7
, 3

1.
3)

15
.2

 (
11

.6
, 1

9.
7)

0.
00

7
9.

4 
(6

.7
, 1

3.
2)

1.
0 

(1
.0

, 8
.4

)
0.

00
4

14
.8

 (
7.

9,
 2

2.
1)

Endocrine. Author manuscript; available in PMC 2018 May 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garin et al. Page 10

Ta
b

le
 2

U
ni

va
ri

at
e 

an
al

ys
is

, c
or

re
la

tio
ns

 b
et

w
ee

n 
to

ta
l g

hr
el

in
, a

nd
 o

th
er

 v
ar

ia
bl

es
.

O
be

se
 P

C
O

S,
 n

=4
5

O
be

se
 c

on
tr

ol
s,

 n
=3

3
L

ea
n 

P
C

O
S,

 n
=2

0
L

ea
n 

co
nt

ro
ls

, n
=2

1
To

ta
l, 

n=
11

9

P
re

di
ct

or
s

p-
va

lu
e

C
or

re
la

ti
on

(r
)

p-
va

lu
e

C
or

re
la

ti
on

(r
)

p-
va

lu
e

C
or

re
la

ti
on

(r
)

p-
va

lu
e

C
or

re
la

ti
on

(r
)

p-
va

lu
e

C
or

re
la

ti
on

(r
)

To
ta

l g
hr

el
in

 ×
 A

M
H

0.
00

7
−

0.
40

0.
3

−
0.

19
0.

4
0.

20
0.

3
0.

22
0.

34
−

0.
09

To
ta

l g
hr

el
in

 ×
 a

ge
0.

1
0.

22
0.

04
0.

37
0.

8
0.

06
0.

3
0.

22
0.

04
0.

7

To
ta

l g
hr

el
in

 ×
 B

M
I

0.
8

−
0.

04
0.

09
−

0.
3

0.
02

−
0.

5
0.

3
0.

26
<

0.
00

01
−

0.
51

To
ta

l g
hr

el
in

 ×
 to

ta
l T

0.
6

0.
07

0.
6

−
0.

08
−

0.
3

0.
2

0.
07

−
0.

41
0.

01
−

0.
22

To
ta

l g
hr

el
in

 ×
 in

su
lin

0.
2

−
0.

2
0.

09
−

0.
3

0.
09

−
0.

4
0.

1
−

0.
36

<
0.

00
01

−
0.

5

Endocrine. Author manuscript; available in PMC 2018 May 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garin et al. Page 11

Table 3

Associations between Ghrelin and AMH, Simple and Multivariable Regression Models

Association Between Ghrelin and AMH unadjusted Association in multivariable linear regression

Model with Full Cohort β −0.02 95% CI −0.1, 0.07
P=0.7

β −0.07 95% CI −0.16, 0.018 p=0.1*

Model with Obese PCOS only β−0.15, 95% CI −0.24, −0.05
p=0.005

β −0.14 95% CI −0.25, −0.03 p=0.008**

Model with Obese Controls only β −0.08 95% CI −0.23, 0.08
p=0.3

—

Model with Lean PCOS only β 0.23 95% CI −0.18, 0.65
p=0.2

—

Model with Lean Controls only β −0.1 95% CI −0.28, 0.08
P=0.8

—

*
Adjusted for BMI, age, PCOS status, insulin, and total testosterone

**
Adjusted for BMI, age, insulin, and total testosterone
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