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Abstract
Background

Anti-Mullerian Hormone (AMH) has an important role in the pathophysiological process of polycystic
ovary syndrome (PCOS) by regulating follicular development and is closely related to the severity of
PCOS. Previous studies have suggested that AMH levels in PCOS is related to hyperandrogenemia levels
and are affected by obesity and insulin resistance. however, the exact relationship between AMH levels
and obesity and insulin resistance remains unclear. We aimed to elucidate the relationship between
insulin resistance and obesity and serum AMH levels in women with PCOS.

Methods

We conducted a retrospective study of 220 women with PCOS who had undergone an assortment of
physical, endocrine, and metabolic assessments. AMH levels and various other indicators of PCOS in
patients with different body mass indices (BMI) and Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR) levels were compared. Independent sample t-tests were performed to compare two
groups. Pearson correlation analysis was performed to study the correlation between AMH and age,
obesity, IR, and other indicators of PCOS, and multiple linear regression analysis was performed to
determine the factors in�uencing AMH. Bilateral tests were performed for all statistical tests. The data
were analysed using SPSS v25.0. Statistical signi�cance was de�ned as a two-sided P-value of less than
0.05.

Results

We found that >50% of patients with PCOS had insulin resistance, obesity, hyperandrogenemia, and
abnormal glucose tolerance. AMH, testosterone (T), and HOMA-IR levels were affected by age, and older
participants had lower AMH, HOMA-IR, and androgen levels (P < 0.05). Glycated hemoglobin levels were
higher and AMH, luteinizing hormone (LH)/follicle-stimulating hormone (FSH), and LH levels were lower
in non-obese individuals than in obese individuals (both P < 0.05). Participants in the non-insulin resistant
(IR; NIR) group were older than those in the IR group (P < 0.05). AMH, LH, LH/FSH, and T levels in the IR
group were signi�cantly higher than those in the NIR group (P < 0.05). AMH levels were positively
correlated with LH, LH/FSH, T, fasting insulin (FINS), and HOMA-IR levels as well as the free androgen
index and negatively correlated with age, BMI, and sex hormone binding globulin levels (P < 0.05).
Through multiple linear regression, we found that AMH levels could be explained by T, LH/FSH, FINS, sex
hormone binding globulin, LH levels, and BMI.

Conclusions

Serum AMH levels were closely related to metabolic abnormalities in PCOS. In patients with PCOS, AMH
levels were positively correlated with HOMA-IR levels and negatively correlated with BMI. Thus, AMH
combined with BMI and HOMA-IR levels could help determine the severity of PCOS.
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Plain English Summary
AMH has an important role in the pathophysiological process of PCOS by regulating follicular
development and is closely related to the severity of PCOS. Serum AMH levels are independent of the
menstrual cycle and are more sensitive and speci�c than ultrasound as a way of the detection of PCOS.
Previous studies have suggested that AMH levels in PCOS is related to HA levels and are affected by
obesity and IR. Obesity and IR can aggravate the ovulation disorder associated with PCOS, increase the
risk of pregnancy, signi�cantly affect the quality of life, and lead to metabolic and reproductive
abnormalities in offspring, resulting in a huge economic burden to the society; however, the exact
relationship between AMH levels and obesity and IR remains unclear. This study aimed to explore the
relationship between serum AMH levels and IR and obesity in PCOS and provide insight into optimal
clinical treatment.

Background
Polycystic ovary syndrome (PCOS) is a common reproductive, endocrine, and metabolic disease in
women of reproductive age, with a prevalence rate of approximately 4-21% [1,2], including in mainland
China. It is mainly characterized by hyperandrogenemia (HA), chronic anovulation, and polycystic ovaries
and is accompanied by metabolic abnormalities such as insulin resistance (IR) and obesity [3,4]. Anti-
Mullerian hormone (AMH) is a member of the transforming growth factor superfamily and is a reliable
indicator of ovarian reserve. AMH has an important role in the pathophysiological process of PCOS by
regulating follicular development and is closely related to the severity of PCOS. More, serum AMH levels
are independent of the menstrual cycle and are more sensitive and speci�c than ultrasound. Recently,
AMH have been reported as an independent predictor of PCOS [5-8]. Previous studies have suggested that
AMH levels in PCOS is related to HA levels and are affected by obesity and IR[9,10]. Obesity and IR can
aggravate the ovulation disorder associated with PCOS, increase the risk of pregnancy, signi�cantly
affect the quality of life, and lead to metabolic and reproductive abnormalities in offspring, resulting in a
huge economic burden to the society. However, the exact relationship between AMH levels and obesity
and IR remains unclear. This study aimed to explore the relationship between serum AMH levels and IR
and obesity in PCOS and provide insight into optimal clinical treatment.

Materials And Methods
Participants

We enrolled 220 Chinese women with PCOS aged 20–39 years who visited the endocrinology clinic at
Shengjing Hospital of China Medical University between January 2018 and July 2021. The diagnosis of
PCOS was based on the diagnostic criteria of the 2018 Chinese PCOS Guidelines for women of
reproductive age [11], which include the following: rare menstrual cycle, amenorrhea, irregular uterine
bleeding, or irregular menstrual volume. The diagnosis is also based on at least one of the following
criteria: hyperandrogen performance, hirsuteness, or HA; manifestations of HA, including acne and
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hirsutism; and biochemical indexes of HA (i.e., testosterone [T] > 0.75 ng/mL) or a polycystic ovary on
ultrasonography. The exclusion criteria were as follows: Cushing’s syndrome, abnormal uterine bleeding,
primary amenorrhea, hypothalamic amenorrhea, pituitary amenorrhea, uterine amenorrhea,
hyperprolactinemia, ovarian premature aging, functional ovarian tumors, theca cell proliferation, adrenal
cortex hyperplasia or tumors, thyroid dysfunction, autoimmune disease, malignant tumor, diseases of the
central nervous system or other conditions caused by HA, ovulation disorders, and new prescriptions after
enrollment. A complete medical history was required for all subjects, and no steroid of any kind was
administered before the sample was taken.

This study was approved by the Institutional Review Board at China Medical University, and informed
consent was obtained from each of the patients before the study.

Assessments

Data on the following demographic characteristics were collected: age, height, and weight. From these
data, body mass index (BMI) was calculated. Venous blood levels were measured on days 2–5 of the
menstrual cycle or when no dominant follicles were found on gynecological ultrasound. Serum AMH
levels were determined by enzyme-linked immunosorbent assay. Levels of estradiol (E2), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), T, prolactin (PRL), sex hormone binding globulin
(SHBG), and other sex hormones were measured using an electrochemical luminescence analyzer.
Fasting plasma glucose (FPG) and fasting insulin (FINS) levels were measured using an automatic
biochemical analyzer. Glycated hemoglobin (HbA1c) levels were determined using an automatic HbA1c
detector (high pressure liquid chromatography). On the day of blood collection, the ovarian volume and
number and size of ovarian follicles on each side were determined by ultrasound examination. Those
who had never engaged in sexual activity underwent transabdominal ultrasound examination, and those
who had engaged in sexual activity underwent transvaginal ultrasound examination.

The Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) level was calculated using the
following formula [12]:

HOMA-IR is currently the most commonly used clinical indicator to evaluate the degree of IR. China’s
diabetes cooperative group de�nes HOMA-IR ≥ 2.69 as IR, and obesity is de�ned as a BMI ≥ 25 kg/m2
according to the World Health Organization (WHO)’s standard in Asia [13,14].

On the basis of age, participants were divided into the 20–29-year-old group (131 women) and 30–39-
year-old group (89 women). The participants were also divided into two groups according to BMI: non-
obese (BMI < 25 kg/m², 93 patients) and obese (BMI ≥ 25 kg/m², 127 patients). Finally, according to the
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level of HOMA-IR, 126 women were categorized into the IR group (HOMA-IR ≥ 2.69) and 94 women were
categorized into the non-IR (NIR) group (HOMA-IR < 2.69).

Statistical analyses

SPSS (version 25.0; IBM, Armonk, NY, USA) was used to perform all statistical analyses. All data were
tested for normality and homogeneity of variance. Normally distributed data are expressed as means ±
standard deviations, and non-normally distributed data as expressed as medians and interquartile
ranges. Independent sample t-tests were performed to compare two groups. Pearson correlation analysis
was performed to study the correlation between AMH and age, obesity, IR, and other indicators of PCOS,
and multiple linear regression analysis was performed to determine the factors in�uencing AMH. Bilateral
tests were performed for all statistical tests. P < 0.05 was considered statistically signi�cant. 

Results
Demographics

The mean age, AMH level, BMI, HOMA-IR level, and T level of our participants were 28.13 ± 4.29 years,
7.97 ± 5.10 ng/mL, 27.21 ± 4.85 kg/m2, 4.31 ± 3.10, and 0.79 ± 0.34 ng/mL, respectively. IR was present
in 126 (57%) participants, 127 (57%) were obese, 110 (50%) had abnormal glucose tolerance, 167 (80%)
had an LH/FSH >1, and 119 (54.1%) had HA.

Differences in age groups

By comparing the two age groups, we found that women in the 20–29-year-old group showed
signi�cantly higher AMH, LH, T, E2, FINS, HOMA-IR, and LH/FSH levels and free androgen index (FAI) than
women in the 30–39-year-old group (Table 1). This suggests that these hormone levels decrease with an
increase in the age of patients with PCOS. Notably, there was no signi�cant difference in BMI and HbA1c,
FPG, PRL, FSH, progesterone (Prog), and SHBG levels between the two age groups.

Differences in BMI groups

We found that HbA1c was signi�cantly higher in the obese group than in the non-obese group. AMH,
LH/FSH, and LH levels in the obese group were signi�cantly lower than those in the non-obese group,
suggesting that BMI in PCOS has an inverse relationship with AMH, LH/FSH, and LH levels and a positive
relationship with HbA1c. There were no differences in FAI, T, E2, FPG, PRL, FSH, Prog, SHBG, FINS, and
HOMA-IR levels as well as age between the two groups (Table 2).

Correlation between AMH and other indicators in the HOMA-IR groups

We found that the ages of the participants in the NIR group were signi�cantly higher than that of those in
the IR group. AMH, LH, LH/FSH, and T levels were signi�cantly higher in the IR group than in the NIR
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group; a larger HOMA-IR suggests higher AMH, LH, LH/FSH, and T levels and a lower age. There were no
differences in FAI, HbA1c, E2, PRL, FSH, Prog, and SHBG levels between the two groups (Table 3).

Correlation between AMH and other indicators

AMH was correlated with the following factors: BMI (r = -0.208, P = 0.002); age (r = -0.315, P < .001); and
FINS (r = 0.265, P = 0.000), HOMA-IR (r = 0.223, P < .001), LH (r = 0.223, P < .001), LH (r = 0.142, P =
0.049), LH/FSH (r = 0.311, P < .001), FAI (r = 0.169, P = 0.018), T (r = 0.356, P < .001), and SHBG (r =
-0.142, P = 0. 049) levels. Notably, AMH was positively correlated with LH, LH/FSH, FAI, T, FINS, and
HOMA-IR levels, whereas it was negatively correlated with age, BMI, and SHBG. In order of size of
correlation, T showed the highest correlation, whereas BMI was the lowest (T > age > LH/FSH > FINS >
HOMA-IR = LH > BMI). There was no correlation between AMH and HbA1c, E2, FPG, Prog, PRL, and FSH
levels (Table 4).

Multiple linear regression analysis affecting AMH levels

Multiple linear regression analysis using AMH level as the dependent variable and LH, LH/FSH, FAI, T,
FINS, and HOMA-IR levels; age; BMI; and SHBG as independent variables revealed statistically signi�cant
results (F = 8.749, P < 0.01). We found that AMH levels could be explained in terms of T, LH/FSH, FINS,
SHBG, and LH levels and BMI using the following formula, indicating that for each 1 kg/m2 increase in
BMI, the AMH would decrease by 0.172 ng/mL. Similarly, with other factors unchanged, FINS and AMH
increased by 1 mmol/L and 0.220 ng/mL, respectively (P < 0.05). The regression coe�cients of the other
variables are shown in Table 5.

Discussion
This study aims to lay a foundation for the future exploration of ovulation and metabolic abnormalities in
PCOS patients in China. We found that >50% of patients with PCOS had IR, obesity, HA, and abnormal
glucose tolerance. AMH, T, and HOMA-IR levels were affected by age, and older participants had lower
AMH, HOMA-IR, and androgen levels. Glycated hemoglobin levels were higher and AMH, LH/FSH, and LH
levels were lower in non-obese individuals than in obese individuals. Participants in the NIR group were
older than those in the IR group. AMH, LH, LH/FSH, and T levels in the IR group were signi�cantly higher
than those in the NIR group. AMH levels were positively correlated with LH, LH/FSH, T, FINS, and HOMA-IR
levels as well as the FAI and negatively correlated with age, BMI, and SHBG levels. Through multiple linear
regression, we found that AMH levels could be explained by T, LH/FSH, FINS, SHBG, and LH levels and
BMI.

PCOS is a complex reproductive, endocrine, and metabolic disease. HA and ovulation dysfunction are the
main clinical di�culties in patients with PCOS. Importantly, > 50% of patients with PCOS also suffer from
additional metabolic diseases, such as IR and obesity [15]. PCOS further aggravates the accompanying
HA and ovulation disorder, severely affecting the physical and mental health of women of reproductive
age. AMH is a dimeric glycoprotein synthesized by ovarian granulosa cells. Its secretion is primarily
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in�uenced by the early follicular absorption rate in the follicular cisterna. It is independent of changes in
the menstrual cycle and is a reliable indicator for the clinical evaluation of ovarian reserves. AMH levels in
patients with PCOS are 2–3 times higher than that of those in healthy individuals [16] and are consistent
with the increase in the number of intracavity follicles (AFCs). Previous studies have suggested that AMH
measurements could be helpful in the diagnosis and assessment of the severity of PCOS; however, serum
AMH levels are affected by multiple factors, such as the environment and heredity. Therefore,
understanding the in�uencing factors of AMH in women with PCOS is advantageous to better understand
the clinical signi�cance of AMH level �uctuations.

IR and compensatory hyperinsulinemia (HI) are some of the causes of HA and ovulation dysfunction in
women with PCOS. In women with PCOS, IR was present in 50–70% of patients regardless of obesity.
Researchers believe that the inability of insulin to bind to its receptor and the change in insulin signal
transduction can lead to IR. IR and HI can increase the free T level by stimulating the production of
ovarian androgen and inhibiting the synthesis of SHBG in the liver. Moreover, it can also increase adrenal
androgen levels, thereby stimulating the production of ovarian steroids mediated by LH and preventing
follicular development [17]. In the follicular �uid of women with PCOS, the imbalance between oxygen
free radicals or reactive oxygen species and antioxidant factors can lead to cell damage, which prevents
oocyte maturation and decreases embryo quality. Meanwhile, the in�ammatory environment caused by
oxidative stress in women with PCOS promotes the occurrence of IR and HA [18]. IR and HI can be further
accompanied by a series of metabolic abnormalities, such as abnormal glucose tolerance, uric acid
metabolism, dyslipidemia, hypertension, and endothelial dysfunction [19]. IR in women with PCOS who
are not pregnant and in early pregnancy not only increases the incidence of hypertension, gestational
diabetes, and preeclampsia but also aggravates neonatal complications such as congenital
malformations in early progeny and the long-term risk of IR, obesity, and diabetes in later progeny [20]. IR
and HA are mutually causal, which can further worsen the metabolic disorder.

Previous studies have suggested that AMH levels are positively correlated with HA and LH and
signi�cantly negatively correlated with age in patients with PCOS, which is consistent with our current
results; however, the exact relationship between IR and AMH levels is unclear, and studies on the
correlation between IR and AMH levels in patients with PCOS have been reported. A relevant analysis of
AMH genotypes in PCOS found that there were signi�cant differences in the distribution of AMH
genotypes between women with PCOS with IR and healthy women, but there were no differences in the
distribution of AMH genotypes between women with PCOS without IR and healthy women. When
metformin, an insulin sensitizer, was used to treat PCOS for 2 months, the serum AMH level decreased
and ovulation increased, suggesting that there is an etiological relationship between AMH levels and IR-
PCOS, which may be mediated by LH and T levels. Previously, researchers believed that LH could cause a
four-fold elevation in AMH production in ovarian granulosa cells of women with PCOS and elevate AMH
expression with or without ovulation. Androgens can also stimulate FSH independent of follicular
development and may increase AMH production [21]. Although the internal mechanism of the
relationship between AMH levels and PCOS is currently unclear, it appears that LH and androgens are
related to the correlation between IR and AMH levels in PCOS. Wiweko et al.’s study also revealed that
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serum AMH was signi�cantly correlated with the HOMA-IR level, and there were differences between
different PCOS phenotypes [22]. In this study, 57% of our participants presented with IR, and the AMH, LH,
LH/FSH, and T levels in women with IR-PCOS were signi�cantly higher than those in women with NIR-
PCOS; however, there was no difference in BMI. We determined that FINS and HOMA-IR were signi�cantly
positively correlated with AMH levels, which suggests that PCOS is independent of obesity and IR. This
also shows that there is a difference in AMH levels among patients with PCOS with or without IR,
suggesting that AMH levels can indirectly re�ect the severity of PCOS. Our results are consistent with
those of previous studies, suggesting that AMH levels are positively correlated with IR and HI levels in
patients with PCOS.

In China, 34.1–43.3% of women with PCOS are obese [23]. The negative effects of obesity on
reproductive health and fertility, such as ovulation dysfunction, infertility, abortion, and related pregnancy
complications, are well documented [24]. Notably, obesity is one of the main contributors to the
development of PCOS, can inhibit the production of gonadotropin through IR and produces circulating T,
and can lead to IR and HI, thereby reducing the secretion of SHBG and resulting in HA. Both obesity and
IR can disrupt the development of female antral follicles, interfere with the hypothalamic-pituitary-ovary
axis, and lead to chronic ovulation failure [25]. Studies have also found that obese women with PCOS
have higher infertility rates, poor response to ovulation induction drugs, poor embryo quality, a low
success rate of in vitro fertilization, and signi�cantly increased adverse pregnancy outcomes [20].
Moreover, a recent meta-analysis demonstrated that BMI was negatively correlated with AMH [26]. In
obese women, changes in the ovarian follicular microenvironment, including steroidogenesis,
metabolism, and in�ammation, indirectly affect AMH levels. A decrease in AMH levels has been
suggested to be the result of metabolism, storage, and clearance in obese individuals.

Piouka et al. demonstrated that the serum AMH levels of overweight and obese women with PCOS were
signi�cantly lower than those of lean women with PCOS [27]. Previous studies on the relationship
between obesity biomarkers and AMH levels in women with PCOS have also revealed con�icting reports,
which can vary depending on the de�nition of obesity and grouping based on BMI. In this study,
participants were divided into obese and non-obese groups according to the WHO standard for obesity in
Asia, and we found that AMH, LH/FSH, and LH levels in the obese group were lower than those in the non-
obese group. Correlation analysis of AMH also showed that there was a signi�cant negative correlation
between AMH levels and BMI, and BMI could independently affect AMH levels, supporting the concept
that follicular development may be impaired in women with PCOS with increased BMI. Obese women
with PCOS primarily show abdominal obesity and large waist and hip circumferences, and other records
of patients with PCOS were not included in our present study; therefore, there may be some bias in the
determined relationship between obesity and AMH and HOMA-IR levels.

Normal ovarian development is affected by the factors inside and outside the ovary; factors inside the
ovary include growth factors, cytokines, and inhibin in the follicular �uid, and the concentration is related
to the plasma level. External factors include FSH de�ciency, LH hypersecretion, high androgen levels in
the ovaries and adrenal gland, IR, and HI. Unbalanced development of these factors will alter ovarian
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development and the generation of mature oocytes, thus affecting the fertility of women with PCOS. Most
women with PCOS are also a�icted by manifestations of metabolic syndrome such as obesity,
hypertension, dyslipidemia, and IR. Up to 30–40% of women with PCOS have impaired glucose tolerance,
and up to 10% develop type 2 diabetes before the age of 40 years [28]. In this study, AFC was not included
because of the lack of speci�c values after their number exceeded 12 on ultrasound, and the large
number of reports on the correlation between AMH and AFC; however, as the serum AMH level re�ects
small follicles that cannot be observed on ultrasound, the theoretical AMH level is more accurate than the
AFC level, suggesting that the AMH level may play a role in the diagnosis of PCOS. Because of the
correlation between AMH levels and obesity and IR, we believe that the clinical combination of AMH and
HOMA-IR levels and BMI could be used to help determine the severity of endocrine and metabolic
disorders in patients with PCOS. The exact mechanism of the relationship between AMH levels and IR
and obesity in PCOS needs to be further elucidated, and there is no consistent serum AMH diagnostic
threshold for PCOS. Moreover, because of the lack of a control group, we did not further elaborate on the
diagnostic signi�cance of AMH levels in PCOS. These are the limitations of the study. Therefore, we hope
that more preclinical and clinical studies are conducted in the future to verify the role of AMH levels in the
prediction, prevention, and treatment of PCOS and to provide more of a theoretical basis for the
exploration of the etiology of PCOS.

Conclusions
We found that serum AMH levels were associated with metabolic abnormalities in women with PCOS.
AMH levels were positively correlated with HOMA-IR levels and negatively correlated with BMI and that
the relationship between AMH levels and IR was independent of BMI. AMH levels combined with BMI and
HOMA-IR might help to estimate the severity of PCOS. Future studies are needed to explore the potential
mechanism linking BMI, HOMA-IR, and AMH might lead to important insights into ovarian physiology in
patients with PCOS.

Abbreviations
PCOS        Polycystic ovary syndrome

AMH        Anti-Mullerian Hormone  

T             Testosterone

BMI          Body mass index

FINS          Fasting insulin

HOMA-IR    Homeostatic Model Assessment of Insulin Resistance

LH          Luteinizing hormone 



Page 10/17

FSH         Follicle-stimulating hormone

IR            Insulin resistant

NIR         Non-insulin resistant

SHBG       Sex hormone binding globulin

FAI         Free testosterone index 

PRL          Prolactin

Prog          Progesterone

ART         Assisted Reproductive Technology

AFC         Antral follicle count

HA         Hyperandrogenemia

TG          Triglyceride

TC          Total cholesterol 

HDL-C       High density lipoprotein cholesterol 

LDL-C       Low density lipoprotein cholesterol

Declarations
Acknowledgments

Not applicable.

Funding

This work was supported by a grant from the 345 talent project plan of Shengjing Hospital of China
Medical University.

Availability of data and materials

The datasets supporting the conclusions of this article are included within the article and its additional
�le.

Ethics approval and consent to participate

Not applicable.



Page 11/17

Competing interests

The authors declare that they have no competing interests

Consent for publication

Not applicable. 

Author Contributions

H.Z. conceived the study. C.L. and L.Z. designed the study. H.Z. and Z.D. wrote the study protocol,
registered the study protocol. H.Z. and Z.D. developed the statistical methods and analyzed the data. H.Z.
wrote the �rst draft of the manuscript. C.L. and L.Z. critically checked its content and approved its �nal
version. All authors agreed with the results and conclusions of this article. 

References
1. Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, Lizneva D, Natterson-

Horowtiz B, Teede HJ, Yildiz BO. Polycystic ovary syndrome. Nat Rev Dis Primers. 2016;267(2):2056-
676X. doi:10.1038/nrdp.2016.57

2. Lizneva D, Suturina L, Walker W, Brakta S, Gavrilova-Jordan L, Azziz R. Criteria, prevalence, and
phenotypes of polycystic ovary syndrome. Fertility and sterility. 2016;106(1):6-15.
doi:10.1016/j.fertnstert.2016.05.003

3. Pod�gurna-Stopa A, Luisi S, Regini C, Katulski K, Centini G, Meczekalski B, Petraglia F. Mood
disorders and quality of life in polycystic ovary syndrome. Gynecol Endocrinol. 2015;31(6):431-4. doi:
10.3109/09513590.2015.1009437. 

4. Amiri M, Bidhendi Yarandi R, Nahidi F, Tohidi M, Ramezani Tehrani F. The relationship between
clinical and biochemical characteristics and quality of life in patients with polycystic ovary
syndrome. Clin Endocrinol. 2019;90(1):129-137. doi: 10.1111/cen.13858. 

5. Evliyaoglu O, Imöhl M, Weiskirchen R, van Helden J. Age-speci�c reference values improve the
diagnostic performance of AMH in polycystic ovary syndrome. Clin Chem Lab Med. 2020;58(8):1291-
1301. doi: 10.1515/cclm-2019-1059.

�. Calzada M, López N, Noguera JA, Mendiola J, Hernández AI, Corbalán S, Sanchez M, Torres AM.
AMH in combination with SHBG for the diagnosis of polycystic ovary syndrome. J Obstet Gynaecol.
2019;39(8):1130-1136. doi: 10.1080/01443615.2019.1587604. 

7. Abbara A, Eng PC, Phylactou M, Clarke SA, Hunjan T, Roberts R, Vimalesvaran S, Christopoulos G,
Islam R, Purugganan K, Comninos AN, Trew GH, Salim R, Hramyka A, Owens L, Kelsey T, Dhillo WS.
Anti-Müllerian hormone (AMH) in the Diagnosis of Menstrual Disturbance Due to Polycystic Ovarian
Syndrome. Front Endocrinol (Lausanne). 2019;10:656. doi: 10.3389/fendo.2019.00656. 

�. Deshmukh H, Papageorgiou M, Kilpatrick ES, Atkin SL, Sathyapalan T. Development of a novel risk
prediction and risk strati�cation score for polycystic ovary syndrome. Clin Endocrinol (Oxf).



Page 12/17

2019;90(1):162-169. doi: 10.1111/cen.13879. 

9. Alviggi C, Conforti A, De Rosa P, Strina I, Palomba S, Vallone R, Gizzo S, Borrelli R, Andersen CY, De
Placido G, Guerriero S. The Distribution of Stroma and Antral Follicles Differs between Insulin-
Resistance and Hyperandrogenism-Related Polycystic Ovarian Syndrome. Front Endocrinol
(Lausanne). 2017;8:117. doi: 10.3389/fendo.2017.00117.

10. Luo Er., Zhang Jinxiao., Song Jiahui., Feng Di., Meng Yaxin., Jiang Hongyu., Li Da., Fang Yuanyuan.
Serum Anti-Müllerian Hormone Levels Were Negatively Associated With Body Fat Percentage in
PCOS Patients. Front Endocrinol (Lausanne). 12, 659717. doi:10.3389/fendo.2021.659717

11. Chinese Endocrinologist Association, Chinese Medical Doctor Association. Endocrinologist
consensus on the management of polycystic ovary syndrome. Chin J Endocrinol Metab.
2018;34(1):1-7. doi: 10.3760/cma.j.issn.1000-6699.2018.01.001

12. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28(7):412-9. doi: 10.1007/BF00280883.

13. Xing XY, Yang WY, Yang ZJ. The diagnostic signi�cance of homeostasis model assessment of
insulin resistance in Metabolic Syndrome among subjects with different glucose tolerance. Chin J
Diabetes. 2004;12(3):182–6.

14. Song Haixia., Yu Zhenqing., Li Ping., Wang Ying., Shi Yuhua.(2021). HOMA-IR for predicting clinical
pregnancy rate during IVF. Gynecol Endocrinol.2021; 1-6. doi:10.1080/09513590.2021.1952976

15. Li R, Zhang Q, Yang D, et al. Prevalence of polycystic ovary syndrome in women in China: a large
community-based study. Hum Reprod. 2013;28(9): 2562-2569.

1�. Wiweko B, Maidarti M, Priangga MD, et al. Anti-mullerian hormone as a diagnostic and prognostic
tool for PCOS patients. J Assist Reprod Genet. 2014;31(10):1311-1316.

17. Bellver J, Rodríguez-Tabernero L, Robles A, et al. Polycystic ovary syndrome throughout a woman’s
life. J Assist Reprod Genet. 2018; 35(1): 25-39.

1�. Qiao J, Feng HL. Extra-and intra-ovarian factors in polycystic ovary syndrome: impact on oocyte
maturation and embryo developmental competence. Hum Reprod Update. 2011; 17(1): 17-33.

19. Le MT, Nguyen VQH, Truong QV, et al. Metabolic Syndrome and Insulin Resistance Syndrome among
Infertile Women with Polycystic Ovary Syndrome: A Cross-Sectional Study from Central Vietnam.
Endocrinol Metab (Seoul). 2018; 33(4): 447-458.

20. Hirschberg AL. Polycystic ovary syndrome, obesity and reproductive implications. Women’s
Health. 2009; 5(5): 529-542.

21. Oh SR, Choe SY, Cho YJ. Clinical application of serum anti-Müllerian hormone in women. Clin Exp
Reprod Med. 2019; 46: 50-59.

22. Wiweko B, Indra I, Susanto C, et al. The correlation between serum AMH and HOMA-IR among PCOS
phenotypes. BMC Res Notes. 2018; 11(1): 114.



Page 13/17

23. Li R, Zhang Q, Yang D, et al. Prevalence of polycystic ovary syndrome in women in China: a large
community-based study. Hum Reprod. 2013;28(9): 2562-2569. 

24. Jungheim ES, Travieso JL, Carson KR, et al. Obesity and reproductive function. Clin North
Am. 2012;39(4): 479-493.

25. Jarrett BY, Lujan ME. Impact of hypocaloric dietary intervention on ovulation in obese women with
PCOS. Reproduction. 2016;

2�. Moslehi N, Shab-Bidar S, Tehrani FR, et al. Is ovarian reserve associated with body mass index and
obesity in reproductive aged women? A meta-analysis. Menopause. 2018; 25(9): 1046-1055.

27. Piouka A, Farmakiotis D, Katsikis I, et al. Anti-Mullerian hormone levels re�ect severity of PCOS but
are negatively in�uenced by obesity: relationship with increased luteinizing hormone levels. Am J
Physiol Endocrinol Metab. 2009; 296(2): E238-E243.

2�. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome revisited: an
update on mechanisms and implications. Endocr. Rev. 2012; 33(6): 981-1030.

Tables
Table 1: PCOS general information and comparison of PCOS general information among different age
groups.
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General
indicators

Total PCOS  
   n=220

20 to 29 years old
n=131

30 to 39 years old
n=89

Age
group T

Age
group P

AMH
ng/mL

7.97±5.10 8.90±5.22 6.61±4.61 3.347 0.001#

LH/FSH 1.65±0.91 1.83±0.91 1.39±0.85 3.615 0.001#

LH mIU/mL 10.57±6.23 11.84±6.24 8.70±5.75 3.774 0.000#

FAI % 18.52±16.86 23.77±19.10 10.11±6.51 5.975 0.000#

T ng/mL 0.79±0.34 0.99±0.29 0.50±0.14 15.111 0.000#

E2 pg/mL 65.48±54.77 73.11±63.34 54.12±36.12 2.547 0.012*

BMI kg·m-2 27.21±4.85 26.85±4.99 27.75±4.60 -1.359 0.176

HbA1c % 5.87±1.19 5.93±1.28 5.78±1.09 0.599 0.550

FPG
mmol/L

5.59±1.14 5.64±1.00 5.50±1.33 -1.090 0.277

FINS
mmol/L

16.94±9.26 18.08±10.04 15.23±7.71 2.259 0.025*

HOMA-IR 4.31±3.10 4.67±3.33 3.78±2.66 2.110 0.036*

PRL
umol/L

11.99±11.09 11.54±12.18 12.63±9.34 -0.707 0.132

FSH
mIU/mL

6.53±1.89 6.67±2.02 6.32±1.68 1.364 0.174

Prog
ng/mL

0.93±1.48 0.94±1.15 0.91±1.9 0.152 0.879

SHBG
nmol/L

25.60±26.11 24.21±25.59 27.80±26.95 -0.926 0.356

Note * P <0.05, # P <0.01.

Table 2: Comparison of AMH level and other indexes under different BMI
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General indicators Non-obese group n=93 obese group    n=127 T P

AMH ng/mL 8.83±5.44 7.35±4.75 2.146 0.033*

LH/FSH 1.82±0.91 1.54±0.91 2.260 0.025*

LH mIU/mL 11.68±6.30 9.75±6.07 2.298 0.023*

FAI % 18.08±14.39 18.80±18.34 -0.290 0.772

T ng/mL 0.84±0.37 0.76±0.31 1.694 0.092

E2 pg/mL 72.97±66.92 60.06±43.42 1.729 0.085

Age years 27.61±4.15 28.50±4.36 -1.528 0.128

HbA1c % 5.50±0.52 6.04±1.37 -2.137 0.035*

FPG mmol/L 5.73±1.15 5.47±1.14 1.592 0.113

FINS mmol/L 18.61±10.61 15.70±7.94 -0.505 0.614

HOMA-IR 4.86±3.62 3.91±2.60 -0.172 0.863

PRL umol/L 12.81±14.57 11.42±7.81 0.907 0.365

FSH mIU/mL 6.58±2.19 6.49±1.65 0.335 0.738

Prog ng/mL 1.02±1.81 0.86±1.19 0.808 0.420

SHBG nmol/L 25.39±25.27 25.74±26.74 0.928 0.928

Note * P <0.05, # P <0.01.

Table 3: Comparison of AMH levels and other indicators under different HOMA-IR conditions
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General indicators NIR  n=94 IR n=126 T P

AMH ng/mL 6.03±3.74 9.39±5.48 -5.121 0.000#

LH/FSH 1.47±0.77 1.79±0.98 -2.647 0.009#

LH mIU/mL 9.49±5.77 11.36±6.46 -2.215 0.028*

FAI % 18.51±19.92 18.51±14.26 -0.001 0.999

T ng/mL 0.73±0.31 0.83±0.35 -2.138 0.034*

E2 pg/mL 60.81±44.05 68.93±61.44 -1.086 0.279

Age years 28.89±4.32 27.57±4.19 2.255 0.025*

HbA1c % 5.74±1.01 5.96±1.31 -0.905 0.368

BMI kg·m-2 27.62±4.63 26.91±4.99 1.075 0.284

PRL umol/L 11.89±9.38 12.07±12.24 -0.114 0.909

FSH mIU/mL 6.61±2.23 6.47±1.61 0.521 0.603

Prog ng/mL 0.90±1.19 0.95±1.67 -0.228 0.820

SHBG nmol/L 26.59±31.07 24.86±21.78 0.454 0.651

 

Table 4: Correlation analysis of AMH and various indexes

Note * P <0.05, # P <0.01.

Table 5: Multiple linear regression analysis of AMH in�uencing factors

Note * P <0.05, # P <0.01.
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 indicators AMH

R P

BMI kg·m-2 -0.208 0.002#

FINS mmol/L 0.265 0.000#

LH mIU/mL 0.223 0.001#

LH/FSH 0.311 0.000#

FSH mIU/mL -0.126 0.062

HOMA-IR % 0.223 0.001#

T ng/mL 0.356 0.000#

Age years -0.315 0.000#

PRL umol/L -0.121 0.076

HbA1c % -0.011 0.915

FPG mmol/L -0.053 0.439

E2 pg/mL 0.003 0.971

Prog ng/mL 0.018 0.796

SHBG nmol/L -0.142 0.049*

 

 

 

model Nonstandardized coe�cients standardized coe�cients

Beta

t p

B Std.Error

Constant 0.541 7.505   0.072 0.943

T ng/mL 6.581 2.600 0.464 2.531 0.012*

SHBG nmol/L -0.032 0.014 -0.174 -2.361 0.019*

LH/FSH 2.101 0.719 0.405 2.921 0.004#

LH mIU/mL -0.214 0.103 -0.284 -2.078 0.039*

FINS mmol/L 0.220 0.092 0.315 2.389 0.018*

BMI kg·m-2 -0.172 0.065 -0.172 -2.636 0.009*


