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Abstract

Objective: Anti-Müllerian hormone (AMH) is recognized as the most important biomarker 
for ovarian reserve. In this cross-sectional study, we aimed to explore the potential 
association of AMH with central obesity or general obesity in women with polycystic 
ovary syndrome (PCOS).
Methods: In this cross-sectional study, 179 patients with PCOS were enrolled and 
underwent anthropometric measurements (BMI and waist circumference (WC)) and 
serum AMH level detection. Pearson’s correlation and multivariable logistic regression 
analyses were performed to determine the associations of AMH with central obesity and 
general obesity.
Results: Subjects with increasing BMI showed significantly lower values of AMH (median 
(interquartile range (IQR)) 8.95 (6.03–13.60) ng/mL in normal weight group, 6.57 
(4.18–8.77) ng/mL in overweight group, and 6.03 (4.34–9.44) ng/mL in obesity group, 
P = 0.001), but higher levels of systolic blood pressure, fasting insulin, total cholesterol, 
triglycerides, LDL-c, obesity indices (WC, hip circumferences, waist-to-hip ratio, waist-
to-height ratio (WHtR), and Chinese visceral adiposity index (CVAI)). Compared with 
the group of PCOS women without central obesity, the group with central obesity 
had significantly lower value of AMH (median (IQR) 8.56 (5.29–12.96) ng/mL vs 6.22 
(4.33–8.82) ng/mL; P = 0.003). Pearson’s correlation analysis showed that AMH was 
significantly and negatively correlated with BMI (r = −0.280; P < 0.001), WC (r = −0.263; 
P < 0.001), WHtR (r = −0.273; P < 0.001), and CVAI (r = −0.211; P = 0.006). Multivariate 
logistic regression analysis with adjustment for potential confounding factors showed 
that AMH was independently and negatively associated with central obesity but was not 
significantly associated with general obesity.
Conclusions: AMH was independently and negatively associated with central obesity. 
Closely monitoring the WC and AMH should be addressed in terms of assessing ovarian 
reserve in women with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a highly prevalent 
endocrine–metabolic disorder afflicting women of 
reproductive age (1). It is associated with reproductive, 
metabolic, and psychological disorders including 
anovulatory infertility, obesity, type 2 diabetes mellitus 
(T2DM), cardiovascular diseases, and anxiety. Although 
not all women with PCOS have all the components of this 
syndrome, obesity is common in PCOS, affecting about 
50–80% of patients among different studies and ethnic 
groups (2). Obesity can reduce the quality of life of PCOS 
patients by contributing to irregular menstruation, oligo/
anovulation, negative effects on self-esteem and self-image 
(3, 4), and delayed fertility and infertility (5). Therefore, 
obesity has represented a major burden for women with 
PCOS. Weight loss has been shown to improve both the 
reproductive and metabolic features of PCOS (6).

Anti-Müllerian hormone (AMH) is a peptide growth 
factor, which belongs to the transforming growth factor 
β superfamily. It plays a mediator role particularly in the 
development of primordial follicles and the selection of 
follicles (7). Since serum AMH levels are proportional to 
the number of developing follicles in the ovaries and it 
differs only slightly during the menstrual cycle, serum 
concentration of AMH in females may represent both 
the quality and quantity of the ovarian follicle pool (8, 
9). A large amount of data has shown that AMH levels 
are generally much higher in women with PCOS than in 
normal women. In the recent update on PCOS, the author 
indicated that the overall serum AMH levels are two- to 
three-fold higher in women with a diagnosis of PCOS 
than in women with normal reproductive function (2). So, 
there is an increasing interest in testing the level of AMH 
as a marker for ovarian reserve in patients with PCOS (10, 
11). Various studies have explored the relationship of AMH 
and obesity, but reported contradictory results (6). Some of 
them have reported an inverse correlation between AMH 
levels and general (peripheral) obesity in women with 
PCOS (5, 12, 13), whereas others have observed a positive 
correlation (7) or no relationship at all (14, 15, 16). Besides, 
several studies have demonstrated that central (abdominal) 
obesity, one of the important patterns of obesity, is also 
closely linked to PCOS (17, 18, 19). However, regarding 
PCOS, studies exploring the potential association between 
plasma AMH and central obesity are limited.

Obesity could be generally divided into general obesity 
which is commonly evaluated by BMI and central obesity 
with waist circumference (WC) as the most common 
measure (20). Although imaging approaches, such as 

CT and MRI, are gold standards for detecting abdominal 
adiposity, they are relatively expensive, time-consuming, 
and unavailable in large populations (21). Alternatively, 
other anthropometric parameters such as waist-to-
height ratio (WHtR) and waist-to-hip ratio (WHR) can 
also indicate abdominal adiposity accumulation to some 
degree (22). It should be noted that the Chinese visceral 
adiposity index (CVAI), a recently established indicator 
which is based on age, BMI, WC, and metabolic parameters 
(fasting triglycerides (TG) and HDL-c) (23), has been proven 
to be a reliable index for the evaluation of abdominal fat 
dysfunction in the Chinese population (24). The CVAI was 
proposed for the first time from a cross-sectional study 
with 485 subjects and was further validated in a study with 
6495 subjects, which was strongly and positively associated 
with visceral fat area (r = 0.68) quantitated by CT (24). CVAI 
has also been considered to serve as a better predictor of 
metabolic syndrome (MS), T2DM, and prediabetes than 
BMI, WC, WHtR, and/or WHR in Chinese populations (23). 
To elucidate the potential association between body fat 
distribution and ovarian function in PCOS, we examined 
the relationship of AMH with central obesity and general 
obesity in women with PCOS.

Materials and methods

Subjects

This cross-sectional study was conducted in the 
Endocrinology and Diabetes Department of the First 
Affiliated Hospital of Xiamen University in Xiamen, China. 
All participants signed the informed consent forms. A 
total of 179 patients with PCOS were recruited. Diagnosis 
of PCOS was based on Rotterdam criteria with two of 
the following: (i) oligo- and/or anovulation, (ii) clinical  
and/or biochemical signs of hyperandrogenism, and (iii) 
polycystic ovarian morphology, defined as the presence of 
≥12 follicles of 2–9 mm and/or ovarian volume of ≥10 mL in 
at least one ovary on transvaginal or abdominal ultrasound 
(25). Diagnoses were made following the exclusion of any 
other causes of hyperandrogenemia, such as congenital 
adrenal hyperplasia, androgen-secreting tumors, and 
Cushing’s syndrome (1, 26). The ethics committee of the 
First Affiliated Hospital of Xiamen Medical University 
approved the study protocol.

Clinical and biochemical measurements

All participants received sociodemographic questionnaires 
and physical examination (height, weight, blood pressure, 
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WC, and hip circumferences (HC)) by a well-trained 
researcher using standardized protocols. Demographics 
included age, smoking, alcohol consumption, and past 
medical history. Height and body weight were measured 
by using a calibrated scale without shoes and heavy outer 
garments to the nearest 0.5 cm and 0.1 kg, respectively. WC 
was measured at the midpoint between the last palpable 
rib and the top of the iliac crest, and HC was measured at 
the level of maximal protrusion of the gluteal muscles (25, 
27). Blood pressure was measured using OMRON digital 
sphygmomanometer, after sitting for at least 15 min. BMI 
was calculated as weight (kg)/ height (m2). The WHR was 
calculated as WC (cm) /HC (cm). WHtR was calculated as 
WC (cm)/ height (m). CVAI was calculated as follows: CVAI 
(females) = −187.32 + 1.71 × age + 4.23 × BMI + 1.12 × WC 
(cm) + 39.76 × Log10TG (mmol/L) −11.66 × HDL-c (mmol/L). 
All subjects were grouped into three BMI categories 
(normal weight: <24 kg/m2; overweight: 24.0–27.9 kg/m2; 
and obesity: ≥28 kg/m2) and two WC categories (normal 
weight: WC<85.0 cm and central obesity: WC≥85.0 cm) 
according to a Chinese Guideline (28).

Blood samples after a 12-h overnight fast were 
collected through antecubital vein puncture from each 
subject. All biochemical measurements were tested in the 
Central Laboratory of the First Affiliated Hospital, Xiamen 
University. The concentrations of total cholesterol (TC), 
TG, HDL-c, and LDL-c were estimated by HITACHI 7450 
analyzer (Hitachi). Fasting insulin concentration was 
measured using electrochemiluminescence immunoassay 
(Roche Elecsys Insulin Test, Roche Diagnostics). Fasting 
blood glucose (FBG) was measured by means of the 
hexokinase method. Testosterone was quantified using 
chemiluminescent immunoassay analysis (Siemens 
Healthcare Diagnostics Inc, Massachusetts, USA; 
Siemens ADVIA centaur XP immunoassay System, 
Erlangen, Germany). AMH assessment was performed by 
electrochemiluminescence using reagents supplied by 
Roche Diagnostics GmbH. The theoretical sensitivity of 
this method is 0.01 ng/mL.

Statistical analyses

All statistical analyses were performed using SPSS version 
21.0 software (IBM Corporation). Data were presented as 
mean ± s.d. or as median (interquartile range (IQR)) for 
continuous variables or as number and percentage for 
categorical variables. Skewness and kurtosis tests were 
applied for the calculation of normality. All subjects were 
stratified by BMI and WC. Differences among the three 
groups were analyzed on continuous variables using  

one-way ANOVA for those with normal distributions and 
Kruskal–Wallis test for those with skewed distributions and 
on categorical variables using chi-square test. Differences 
between two groups were analyzed on continuous 
variables using the Student’s t-test for those with normal 
distribution and Mann–Whitney U-test for those with 
skewed distribution and on categorical variables using chi-
square test.

Pearson’s correlation analysis was performed to 
analyze the correlation of AMH with BMI, WC, WHtR, and 
CVAI. Multivariable logistic regression analysis was used 
to calculate the adjusted odds ratios (OR) and 95% CI of 
AMH for general obesity and central obesity in different 
models with adjustment for potential confounders. For the 
logistic regression analyses, model 1 was adjusted for age; 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were further adjusted for in model 2; FBG, TC, TG, 
LDL-c, HDL-c, and testosterone were further adjusted for 
in model 3. All P -values were two-sided, and P-value <0.05 
was considered statistically significant.

Results

In the study, 179 women who met the criteria for PCOS  
with available AMH levels were included, of which 92 
(51.39%) were diagnosed with general obesity defined as 
those with BMI ≥28 kg/m2 and 121 (67.59%) were diagnosed 
with central obesity defined as those with WC >85 cm. The 
median (IQR) of AMH was 6.71 (4.51–10.05) ng/mL for all 
subjects, the mean (±s.d.) of age was 27.9 ± 4.9-years old, 
and the mean (±s.d.) of BMI was 27.54 ± 4.83 kg/m2. The 
level of AMH decreased with the increase of BMI and WC 
(Tables 1 and 2).

Clinical characteristics of the study population

Table 1 shows the differences of anthropometric 
information and biochemical characteristics in PCOS 
women categorized by BMI. Compared with PCOS women 
in normal weight group, subjects in the overweight 
group and obesity group had significantly higher 
levels of SBP (112 ± 11 mmHg, 118 ± 12 mmHg, and 
122 ± 13 mmHg, respectively, P < 0.001), fasting insulin (50.36  
(40.89–77.75) pmol/L, 107.1 (89.45–147.28) pmol/L, 
and 145.35 (111.77–192.74) pmol/L, respectively, 
P < 0.001), TC (4.89 ± 1.08 mmol/L, 4.97 ± 0.74 mmol/L, 
and 5.35 ± 0.85 mmol/L, respectively, P = 0.005), TG (1.12 
(0.77–1.795) mmol/L, 1.49 (1.02–1.96) mmol/L, and 1.55  
(1.18–2.30) mmol/L, respectively, P = 0.006), and LDL-c 
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(2.37 (2.02–2.84) mmol/L, 2.83 (2.31–3.36) mmol/L, and 
2.99 (2.65–3.55) mmol/L, respectively, P < 0.001) and lower 
values for HDL-c (1.48 (1.28–1.67) mmol/L, 1.21 (1.08–
1.31) mmol/L, and 1.2 (1.05–1.34) mmol/L, respectively, 
P < 0.001) and AMH (median (IQR) 8.95 (6.03–13.60) ng/mL,  

6.57 (4.18–8.77) ng/mL, and 6.03 (4.34–9.44) ng/mL, 
respectively, P = 0.001). Similarly, compared to the PCOS 
women in the normal weight group, subjects in the 
overweight group and obesity group also had significantly 
higher levels of obesity indices such as WC (73.6 ± 5.9 cm, 

Table 1 Anthropometric information and biochemical characteristics in women with PCOS by BMI category.

Normal weight, BMI <24 kg/m2 Overweight, 24≤ BMI <28 kg/m2 Obesity, BMI ≥28 kg/m2 P value

n 40 47 92
Age (years) 28.3 ± 4.0 26.9 ± 4.9 27.5 ± 5.1 0.438
Smoking 0 0 0 NS
Occasional drinking (n, %) 4 (10.0) 1 (2.1) 13 (14.1) 0.060
SBP (mmHg) 112 ± 11 118 ± 12 122 ± 13 <0.001b

DBP (mmHg) 79 ± 9 80 ± 10 82 ± 11 0.205
BMI (kg/m2) 21.16 ± 2.02 26.07 ± 1.19 31.68 ± 2.95 <0.001b

WC (cm) 73.6 ± 5.9 87.7 ± 5.3 98.5 ± 8.7 <0.001b

HC (cm) 90.6 ± 7.1 100.7 ± 4.7 110.6 ± 6.0 <0.001b

WHR 0.81 ± 0.05 0.87 ± 0.05 0.89 ± 0.06 <0.001b

WHtR 0.46 ± 0.04 0.55 ± 0.03 0.61 ± 0.06 <0.001b

CVAI 27.54 ± 16.11 59.89 ± 15.55 97.86 ± 21.92 <0.001b

FBG (mmol/L) 4.81 (4.43–5.12) 4.98 (4.67–5.45) 4.93 (4.64–5.36) 0.09
Fasting insulin (pmol/L) 50.36 (40.89–77.75) 107.1 (89.45–147.28) 145.35 (111.77–192.74) <0.001b

TC (mmol/L) 4.89 ± 1.08 4.94 ± 0.74 5.35 ± 0.85 0.005
TG (mmol/L) 1.12 (0.77–1.795) 1.49 (1.02–1.96) 1.55 (1.18–2.30) 0.006
HDL-c (mmol/L) 1.48 (1.28–1.67) 1.21 (1.08–1.31) 1.2 (1.05–1.34) <0.001b

LDL-c (mmol/L) 2.37 (2.02–2.84) 2.83 (2.31–3.36) 2.99 (2.65–3.55) <0.001b

T (ng/dL) 42.99 (34.93–57.49) 39.69 (31.76–46.74) 40.63 (31.48–51.40) 0.371
AMH (ng/mL) 8.95 (6.03–13.60) 6.57 (4.18–8.77) 6.03 (4.34–9.44) 0.001a

aP < 0.05, bP< 0.001; Values are expressed as mean ± s.d.
AMH, anti-Müllerian hormone; CVAI, Chinese visceral adiposity index; DBP, diastolic blood pressure; FBG, fasting plasma glucose; HC, hip circumference; 
SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, Waist-to-height ratio.

Table 2 Anthropometric information and biochemical characteristics in women with PCOS by WC category.

WC <85 cm WC ≥85 cm P value

n 58 121
Age (years) 27.5 ± 4.2 27.6 ± 5.1 0.971
Smoking 0 0 NS
Occasional drinking (n (%)) 5 (8.6%) 13 (10.7%) 0.658
SBP (mmHg) 114 ± 11 121 ± 13 <0.001b

DBP (mmHg) 79 ± 10 82 ± 11 0.088
BMI (kg/m2) 22.82 ± 3.29 30.27 ± 3.56 <0.001
WC (cm) 76.0 ± 6.2 96.9 ± 8.1 <0.001b

HC (cm) 93.6 ± 8.3 108.3 ± 6.7 <0.001b

WHR 0.81 ± 0.06 0.89 ± 0.05 <0.001b

WHtR 0.48 ± 0.04 0.60 ± 0.05 <0.001b

CVAI 36.01 ± 20.55 90.08 ± 24.04 <0.001b

FBG (mmol/L) 4.805 (4.44–5.1) 4.97 (4.66–5.47) 0.008
Fasting insulin (pmol/L) 60.53 (45.72–96.21) 140.73 (106.61–182.87) <0.001b

TC (mmol/L) 4.87 ± 0.97 5.27 ± 0.84 0.007a
TG (mmol/L) 1.15 (0.77–1.75) 1.59 (1.21–2.23) <0.001b

HDL-c (mmol/L) 1.39 (1.15–1.61) 1.2 (1.06–1.33) <0.001b

LDL-c (mmol/L) 2.56 (2.12–2.925) 2.98 (2.63–3.53) <0.001b

Testosterone (ng/dL) 44.02 (35.59–57.99) 39.31 (31.4–49.62) 0.035a

AMH (ng/mL) 8.56 (5.29–12.96) 6.22 (4.33–8.82) 0.003a

aP < 0.05,bP < 0.001; Values are expressed as mean ± s.d.
AMH, anti-Müllerian hormone; CVAI, Chinese visceral adiposity index; DBP, diastolic blood pressure; FBG, fasting plasma glucose; HC, hip circumference; 
SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, Waist-to-height ratio.
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87.7 ± 5.3 cm, and 98.5 ±8.7 cm, respectively, P < 0.001), 
HC (90.6 ± 7.1 cm, 100.7 ± 4.7 cm, and 110.6 ± 6.0 cm, 
respectively, P < 0.001), WHR (0.81 ± 0.05, 0.87 ± 0.05, and 
0.89 ± 0.06, respectively, P < 0.001), WHtR (0.46 ± 0.04, 
0.55 ± 0.03, and 0.61 ± 0.06, respectively, P < 0.001), and 
CVAI (27.54 ± 16.11, 59.89 ± 15.55, and 97.86 ± 21.92, 
respectively, P < 0.001). However, there were no statistically 
significant differences in age, occasional drinking, DBP, 
FBG, and testosterone among these three groups.

Subjects categorized by WC are presented in Table 2. 
There were no significant differences between the two 
groups in age, occasional drinking, and DBP. Compared 
with the group of PCOS women without central obesity, 
the group with central obesity had significantly greater 
values for SBP, FBG, fasting insulin, TC, TG, and LDL-c and 
lower values for HDL-c, testosterone, and AMH (median 
(IQR) 8.56 (5.29–12.96) ng/mL vs 6.22 (4.33–8.82) ng/mL; 
P = 0.003). The obesity indices such as HC (93.6 ± 8.3 cm vs 
108.3 ± 6.7 cm; P < 0.001), WHR (0.81 ± 0.06 vs 0.89 ± 0.05; 
P < 0.001), WHtR (0.48 ± 0.04 vs 0.60 ± 0.05; P < 0.001), 
and CVAI (36.01 ± 20.55 vs 90.08 ± 24.04; p < 0.001) were 
higher in the group with central obesity than in the group 
without central obesity.

Correlation of AMH with obesity indices

Pearson’s correlation analysis was first performed to 
explore the correlation between AMH and several obesity 
indices (BMI, WC, WHtR, and CVAI) (Fig. 1). We found 
that there were significant negative correlations between  
AMH and BMI (r = −0.280; P < 0.001), WC (r = −0.263; 
P < 0.001), WHtR (r = −0.273; P < 0.001), and CVAI 
(r = −0.211; P = 0.006).

Association of AMH with central obesity and 
general obesity

Multivariate logistic regression analysis was performed 
with adjusted for different potential confounding factors 
to further examine the relationship of AMH with central 
obesity categorized by WC and general obesity defined 
by BMI (Table 3). In model 1 with the adjustment for age, 
AMH was significantly associated with central obesity, 
and the adjusted OR (95% CI) was 0.896 (0.831–0.966; 
P = 0.004). In model 2 and model 3, the association of AMH 
with central obesity was still statistically significant, with 
the adjusted OR (95% CI) of 0.883 (0.812–0.959; P = 0.003) 
and 0.891 (0.811–0.979; P = 0.016), respectively. However, 
in the three models with the same adjustments as those 
in multivariable logistic regression analyses, AMH was not 
significantly associated with general obesity.

As shown in Fig. 2, AMH was significantly lower in 
women with central obesity than without, but showed no 
significant difference between general obesity and non-
general obesity.

Discussion

This is the first study, to the best of our knowledge, to 
examine the relationship of AMH with central obesity and 
general obesity in women with PCOS, and we found that 
AMH was independently and negatively associated with 
central obesity, but the association with general obesity 
was non-significant.

PCOS shares many similarities with MS in clinical 
features and pathophysiology. Studies showed that the 

Figure 1
Relationship of AMH to BMI (A), WC (B), WHtR (C), 
and CVAI (D).
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prevalence of MS in PCOS population is nearly two-
fold higher than age-matched control women (29). 
Obesity, as an essential part of MS, is a common feature 
in women with PCOS. Obesity has a significant impact 
on reproductive health, as excess body weight is the main 
cause for ovulatory infertility (30). Recent studies have 
shown serum AMH level was increasingly being recognized 
as the most important biomarker for ovarian reserve and 
was used to counsel patients regarding their reproductive 
outcomes (6, 9, 31). Although the relationship of AMH and 
obesity has been described before, findings of these studies 
are controversial. In one recent review, Alexis L Oldfield 
and colleagues (32) summarized 13 studies involving 210 
obese and 550 non-obese healthy women with regular 
menstrual cycles, of which 5 reported decreased AMH 
levels with obesity, whereas 8 showed comparable AMH 
levels between groups. Eleni et  al. (12) have observed 
that increasing BMI was correlated with reductions in 
AMH after adjusting for age, race, smoking, and site in 
multivariate regression models. Albu et  al. (7) reported 
that AMH is positively correlated with BMI, especially in 

infertile patients younger than 35 years of normal weight 
and with normal ovarian reserve. Sahmay and Halawaty 
et  al. (14, 15, 16) reported no relationship between these 
two markers. In the present study, we found that AMH was 
significantly and negatively correlated with obesity indices 
such as BMI, which was consistent with some previous 
studies (5, 13, 33). Inconsistent findings may be ascribed 
to the differences in the study design, populations, and 
sampling strategies. The mechanism underlying this 
inverse relationship between BMI and AMH is still unclear, 
but the possible explanation could be that obesity is 
associated with decreased ovarian reserves or that obesity is 
associated with follicular dysfunction (34). Therefore, the 
relationship of AMH level with obesity should be deemed 
uncertain at this time, and the biological impact of obesity 
on AMH production needs to be further investigated in 
future studies (32).

Two important patterns of obesity, which are general 
(peripheral) obesity and central (abdominal) obesity, are 
often evaluated by BMI and WC, respectively. Body fat 
distribution is closely related to comorbidities of obesity. 
But there was no difference in fat distribution by using gold 
standard MRI measures of visceral fat between obese and 
overweight women with PCOS and BMI/fat mass-matched 
control women (35). BMI cannot provide information on 
body fat distribution, while WC is an easily measurable 
surrogate index of abdominal fatness and a major component 
in diagnosing MS (18). However, there were few studies to 
explore the association between AMH with central obesity in 
patients with PCOS. In the present study, we found that AMH 
was associated only with central obesity but not with general 
obesity in women with PCOS. In parallel with our study, 
Sahmay et  al. (14) concluded that there was no significant 
association between AMH and BMI-based general obesity, 
and the phenomenon was also seen in another study (15). 
The link between AMH and central obesity may be related 
to the following factors. First of all, central or abdominal 

Table 3 Adjusted odds ratios (OR) with associated 95% CI for obesity in patients with PCOS. Model 1 was adjusted for age. Model 
2 was further adjusted for SBP and DBP. Model 3 was further adjusted for TC, TG, LDL-c, HDL-c, FBG, and testosterone.

General obesity Central obesity
OR 95% CI P value OR 95% CI P value

AMH
 Model 1 0.947 0.883–1.017 0.134 0.896 0.831–0.966 0.004a

 Model 2 0.943 0.873–1.018 0.131 0.883 0.812–0.959 0.003a

 Model 3 0.956 0.879–1.04 0.299 0.891 0.811–0.979 0.016a

Tertiles of AMH 
 Tertile 2 vs Tertile 1 0.596 0.256–1.385 0.229 0.816 0.296–2.25 0.695
 Tertile 3 vs Tertile 1 0.540 0.224–1.301 0.169 0.284 0.103–0.783 0.015a

 Trend test 0.160 0.015a

aP < 0.05.

Figure 2
Serum AMH concentrations in general obesity group and central obesity 
group.
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obesity is associated with greater insulin resistance (IR) likely 
mediated by free fatty acids and the paracrine actions of the 
abdominal depot than general or peripheral obesity (30). 
Moreover, central obesity also worsens the insulin-related 
metabolic and reproductive features of PCOS (19). Mei-Jou 
et al. (36) speculate that IR might exert its negative effect on 
AMH directly or indirectly to downregulate the inhibitory 
effect of AMH on follicular development, thus increasing 
the sensitivity of granulosa cells to follicle-stimulating 
hormone. However, this hypothesis requires further 
biological research. In addition, hyperinsulinemia resulting 
from IR stimulates ovarian steroidogenesis and inhibits sex 
hormone-binding globulin production in the liver, thereby 
increasing the availability of free androgens. The adipose 
tissue also provides storage and a metabolic site for various 
lipid-soluble steroids, such as androgens, which contributes 
further to hyperandrogenism. Women with PCOS who are 
more overweight and obese are therefore more likely to have a 
worse clinical reproductive presentation (19). Accumulation 
of small follicles and granulosa cell proliferation due 
to androgen excess is the probable explanation for the 
association between AMH and androgen levels (37).

Our study also has some limitations. First, more 
accurate measurements were not performed for body 
composition, like CT or MRI. Secondly, since ovarian 
ultrasound has not been done for the participants 
presented with both oligo/amenorrhea and (clinical and/
or biochemical) hyperandrogenism, we could not outline 
the accurate number of subjects in separate phenotypic 
subgroups of PCOS. Thirdly, the cross-sectional nature of 
our study disenabled us to make causal inferences. Lastly, 
there is no non-PCOS group in the current study, which 
limits the interpretation of the findings from the PCOS 
group. According to the recommendations from the 
international evidence-based guideline (38), serum AMH 
detection needs to improve standardization of assays and 
established cutoff levels for the detection of polycystic 
ovarian morphology (PCOM). So, it may not be necessary 
to measure in routine clinical practice. However, to be 
more accurate in the detection of PCOM, AMH measures 
need to be further explored based on large-scale validation 
in populations of different ages and ethnicities (38). 
Therefore, follow-up and corresponding examinations 
should be strengthened in future studies to obtain more 
accurate epidemiological data.

Conclusion

AMH was independently and negatively associated with 
central obesity but showed no association with general 

obesity. Decreased AMH production by the follicle unit 
may be responsible for reduced AMH with increasing 
WC. Closely monitoring the WC and AMH should be 
addressed in terms of assessing ovarian reserve in women 
with PCOS.
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