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Purpose: To compare the endocrine and metabolic indexes of obese and normal body mass 
index (BMI) polycystic ovary syndrome (PCOS) patients, and explore factors affecting the 
pathogenesis and progression of PCOS.
Methods: This study included obese (n=79) and normal BMI (n=40) PCOS patients, and 
obese (n=30) and normal BMI (n=30) non-PCOS controls. Blood glucose, insulin (INS), 
blood lipids, sex hormones, and other metabolic and endocrine indicators were measured, 
and the correlations between the indicators were analyzed.
Results: HOMA-IR, 0min INS, 60min INS, 120min INS, 180min INS, FAI, TG, TC, LDL- 
C and sd-LDL in obese PCOS group were higher, while SHBG, LH, LH/FSH and HDL-C 
were lower than those in normal weight PCOS group (P <0.05). 120min PBG, HOMA-IR, 
FAI, T, LH, LH/FSH, AMH, TC and LDL-C in obese PCOS group were higher than those in 
obese control group (P <0.05). 0min PBG, 60min PBG, 120min PBG, 180min PBG, 0min 
INS, 60min INS, 120min INS, 180min INS, HOMA-IR, LH, LH/FSH and T in normal 
weight PCOS group were higher than those in normal weight control group (P <0.05). In 
both normal weight group and obesity group, HOMA-IR entered the regression equation 
with FAI as dependent variable, and the absolute value of HOMA-IR standardized partial 
regression coefficient was higher than that of hs-CRP and AMH. In PCOS patients, FAI in 
the obese and non-obese PCOS groups was positively correlated with HOMA-IR.
Conclusion: Endocrine metabolic disorders in women with PCOS were more obvious than 
that in women with non-PCOS with matched BMI. The abnormality of glucose and lipid 
metabolism in obese PCOS patients is more serious than that in PCOS patients with normal 
BMI. Both obese and normal BMI PCOS patients were affected by hyperinsulinemia, and IR 
may play a key role in the pathogenesis and development of PCOS.
Keywords: polycystic ovary syndrome, insulin resistance, obesity, hyperandrogenemia, 
endocrine metabolism

Introduction
Polycystic ovary syndrome (PCOS), also known as Stein-Leventhal syndrome, 
was first proposed by Stein and Leventhal in 1935. It is the most common 
reproductive endocrine and metabolic disease in women of childbearing age, 
with a prevalence of 4–21%.1 The main clinical manifestations are long-term 
anovulation or oligoovulation, hyperandrogenemia, and polycystic changes to 
the ovaries. However, the etiology and pathogenesis of PCOS are unclear. Patel 
et al believe that PCOS is an autoimmune disease involving multiple genes, 
multiple factors, and lifestyle.2 More than half of PCOS patients are complicated 
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with obesity, mainly abdominal, while non-obese PCOS 
patients account for only 30–50% of all patients.3 Women 
with PCOS have an increased risk of developing meta-
bolic syndrome over the course of their lives. 43% of 
PCOS women were reported to have metabolic 
syndrome.4 Metabolic syndrome increases risk of obesity, 
dyslipidemia, insulin resistance [IR], type II diabetes 
mellitus, and cardiovascular disease.5 Many studies have 
confirmed that IR, glucose and lipid abnormalities, and 
other endocrine and metabolic disorders are common in 
obese PCOS patients.6 There are few studies on the meta-
bolism of non-obese PCOS patients; however, existing 
clinical data have confirmed that non-obese PCOS 
patients also have abnormal glucose and lipid 
metabolism.7 By analyzing the differences in endocrine 
and metabolic indexes between obese and normal body 
mass index (BMI) PCOS patients, and a matched BMI 
control group, this study aimed to explore the related 
factors affecting the pathogenesis and progression of 
PCOS, and provide a basis for clinical treatment of 
PCOS patients.

Materials and Methods
Patients
Patients were selected from the outpatient clinic of the 
Shengjing Hospital of the China Medical University from 
April 2018 to October 2019. They were divided into the 
following four groups based on their PCOS and BMI 
statuses: obese PCOS patients (OP group, n=79), normal 
BMI PCOS patients (NP group, n=40), obese non-PCOS 
patients (ON group, n=30), and normal BMI non-PCOS 
patients (NN group, n= 30). The study was approved by 
the Ethics Committee of Shengjing Hospital of China 
Medical University, and informed consent was obtained 
from each patient.

Inclusion Criteria
All patients were at least 18 years of age. The obese group 
included patients with a BMI ≥28 kg/m2. The normal BMI 
group consisted of patients with BMIs between 18.5– 
23.9 kg/m2. PCOS diagnosis conformed to the Rotterdam 
PCOS diagnostic criteria in accordance with any two of 
the three following criteria: (1) oligoovulation or anovula-
tion; (2) clinical and/or biochemical manifestations of 
hyperandrogen; and (3) polycystic ovary revealed by 
ultrasound.

Exclusion Criteria
Exclusion criteria included: (1) 17-hydroxyprogesterone 
>2 ng/mL; (2) clinically diagnosed type 2 diabetes melli-
tus; (3) ovulation disorders caused by other diseases; (4) 
complications including severe malnutrition or liver, kid-
ney, and other primary diseases; (5) drug use that affected 
INS sensitivity in the past 3 months, regulated menstrua-
tion, or was for anti-anxiety; (6) smoking or alcoholism.

Research Methods
The participants’ medical history and family history of dia-
betes were collected, height and weight were measured, and 
BMI was calculated. Waist circumference, waist-to-hip ratio 
(WHR), and visceral fat area were measured by an 
InBody770 body fat meter (Biospace, Korea). All partici-
pants fasted for 12 h, then drank 300 mL water containing 75 
g glucose within 5 min. Five milliliters of venous blood was 
then drawn at 30, 60, 120, and 180 min for the INS release 
test, and INS was measured by radioimmunoassay. Blood 
glucose was measured by the glucose oxidase method. The 
insulin resistance index (HOMA-IR, a common indicator 
used in the clinical evaluation of IR) was calculated from 
fasting INS (FINS) and fasting blood glucose (FBG) to 
evaluate the degree of IR with the following equation:

FBG� FINS=22:5 ¼ HOMA � IR 

Blood lipids (cholesterol [TC], triglyceride [TG], high- 
density lipoprotein cholesterol [HDL-C], low-density 
lipoprotein cholesterol [LDL-C], small dense low- 
density lipoprotein cholesterol [sd-LDL]) were measured 
by the enzymatic method, and testosterone (T), sex hor-
mone binding globulin (SHBG), luteinizing hormone 
(LH), follicle stimulating hormone (FSH), and anti- 
Mullerian hormone (AMH) were measured by chemilu-
minescence. The free androgen index (FAI) was used to 
determine the active androgen level using the equation:

T� 100ð ÞSHBG ¼ FAI 

Statistical Methods
Statistical package for social sciences 21.0 (SPSS Inc., 
Chicago, IL, USA) was used for statistical analyses. The 
measurement data were expressed by mean ± standard 
deviation. Correlation analyses were performed using 
Spearman correlation, normality tests were performed 
using the Kolmogorov–Smirnov test, multiple stepwise 
regression analysis was used in the regression analysis, 
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bilateral tests were used in all statistical tests, and P <0.05 
was regarded as statistically significant.

Results
Comparison of Body Composition and 
Anthropometric Indexes Between 
Groups
BMI, waist circumference, WHR, and visceral fat area in 
the obese PCOS group were higher than those in the 
normal BMI PCOS group. The differences were statisti-
cally significant (P <0.05) and are shown in Table 1.

Comparison of the Differences of 
Endocrine and Metabolic Indexes Between 
Groups
HOMA-IR, 0 min INS, 60 min INS, 120 min INS, 180 min 
INS, and FAI in the obese PCOS group were higher than those 
in the normal BMI PCOS group, while SHBG, LH, and LH/ 
FSH were lower in the normal BMI PCOS group. 120 min 
postprandial blood glucose (PBG), HOMA-IR, FAI, T, LH, 
LH/FSH, and AMH in the obese PCOS group were higher than 
those in the obese control group. 0 min PBG, 60 min PBG, 120 

min PBG, 180 min PBG, 0 min INS, 60 min INS, 120 min INS, 
180 min INS, HOMA-IR, LH, LH/FSH, and T in the normal 
BMI PCOS group were higher than those in the normal BMI 
control group. The differences were statistically significant 
(P <0.05) and are shown in Tables 2 and 3.

Comparison of the Differences of 
Biochemical Indexes Between Groups
TG, TC, LDL-C, and sd-LDL in the obese PCOS group were 
higher than those in the normal BMI PCOS group, while HDL- 
C was lower than that in the normal BMI PCOS group. TC and 
LDL-C in the obese PCOS group were higher than those in the 
obese control group. The differences were statistically signifi-
cant (P <0.05); however, there was no significant difference in 
blood lipid levels between the normal BMI groups (P >0.05). 
The data are shown in Table 4.

Multiple Stepwise Regression Analysis 
Between the Normal BMI Group and the 
Obese Group
Multiple stepwise regression analysis was performed in the 
normal BMI group and the obese group with FAI as the 

Table 1 Comparison of Anthropometric Indexes and Body Composition Between Groups

Indexes Obese PCOS 
Group

Normal BMI PCOS 
Group

Obese Non-PCOS 
Group

Normal BMI Non-PCOS 
Group

(OP, n=79) (NP, n=40) (ON, n=30) (NN, n=30)

BMI 30.55±4.03* 21.99±3.59 31.08±5.79 19.40±5.1.90
Waist circumference 97.91±10.75* 75.22±6.30 98.72±11.39 69.78±5.26

WHR 0.94±0.06* 0.84±0.04 0.92±0.05 0.81±0.03

Visceral fat area 149.53±41.52* 75.63±23.14 141.48±37.81 54.78±22.26

Notes: Data are represented as mean ± standard deviation; *P <0.05. 
Abbreviations: PCOS, polycystic ovary syndrome; BMI, body mass index; WHR, waist-to-hip ratio.

Table 2 Comparison of Sex Hormone Between Groups

Indexes Obese PCOS 
Group

Normal BMI PCOS 
Group

Obese Non-PCOS 
Group

Normal BMI Non-PCOS 
Group

(OP, n=79) (NP, n=40) (ON, n=30) (NN, n=30)

SHBG 19.08±12.63* 39.74±22.01 22.61±11.06 44.24±20.85

FAI (%) 18.96±10.66* 8.84±5.73 10.10±6.807** 6.45±4.19

T (ng/mL) 0.78±0.20 0.82±0.27 0.50±0.14** 0.61±0.17#

LH (mIU/mL) 12.70±6.81* 19.03±13.18 6.45±4.60** 7.08±4.78#

LH/FSH 2.15±0.90* 2.83±1.76 1.55±0.87** 1.23±0.74#

AMH (ng/mL) 7.53±3.87 9.11±5.44 4.35±2.77** 5.65±2.34

Notes: Data are represented as mean ± standard deviation; *P <0.05: obese PCOS group and normal BMI PCOS group; **P <0.05: obese PCOS group and obese non-PCOS 
group; #P <0.05: normal BMI PCOS group and normal BMI non-PCOS group. 
Abbreviations: PCOS, polycystic ovary syndrome; SHBG, sex hormone binding globulin; FAI, free androgen index; T, testosterone; LH, luteinizing hormone; LH/FSH, 
luteinizing hormone/follicle stimulating hormone; AMH, anti-Mullerian hormone.
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dependent variable and hs-CRP, AMH, HOMA-IR, and LH/ 
FSH as the independent variables. In the two normal BMI 
groups, AMH and HOMA-IR entered the regression equation 
(−0.745 × AMH + 4.777 × HOMA-IR = Y), and the discrimi-
nant coefficient R2 = 0.693. The absolute value of the HOMA- 
IR standardized partial regression coefficient (0.819) was 
greater than that of the AMH standardized partial regression 
coefficient (0.342). Hs-CRP, AMH, and HOMA-IR in the two 
obese groups entered the regression equation (−0.205–0.351 × 
hs-CRP + 0.353 × HOMA-IR = Y), and the discriminant 
coefficient R2 = 0.299. The absolute value of the HOMA-IR 
standardized partial regression coefficient (0.429) was greater 
than that of the hs-CRP standardized partial regression coeffi-
cient (−0.368).

Correlation Analysis Between FAI, T, 
HOMA-IR, LH, and LH/FSH
There was a positive correlation between FAI and HOMA- 
IR in the obese PCOS group and the normal BMI PCOS 
group, as shown in Tables 5 and 6.

Correlation Analysis of Metabolic Indexes 
and BMI, Waist Circumference, and 
Visceral Fat Area in the Obese and 
Normal BMI PCOS Groups
BMI and waist circumference were positively correlated 
with TC, TG, sd-LDL, LDL-C, 0 min INS, 60 min INS, 
120 min INS, and 180 min INS and negatively correlated 
with HDL-C. Visceral fat area was positively correlated 
with 120min INS and negatively correlated with HDL-C. 
The aforementioned correlations were all statistically sig-
nificant (P <0.05) and are shown in Table 7.

Table 3 Comparison of the Differences of Glucose Metabolic Indexes Between Groups

Indexes Obese PCOS 
Group

Normal BMI PCOS 
Group

Obese Non-PCOS 
Group

Normal BMI Non-PCOS 
Group

(OP, n=79) (NP, n=40) (ON, n=30) (NN, n=30)

0 min PBG (mmol/l) 5.65±0.97 5.17±0.41 5.42±0.48 4.75±0.37#

60 min PBG (mmol/l) 10.44±2.87 8.66±2.04 9.53±1.42 6.79±1.97#

120 min PBG (mmol/l) 8.84±2.97 6.90±1.79 7.32±1.15** 5.66±1.57#

180 min PBG (mmol/l) 6.08±2.91 5.50±1.14 4.85±1.51 4.57±0.83#

0 min INS (mU/L) 24.13±19.05* 8.22±3.29 17.94±6.82 6.14±2.12#

60 min INS (mU/L) 126.85±64.22* 78.36±45.99 125.76±61.65 48.78±25.79#

120 min INS (mU/L) 133.17±76.66* 57.60±29.70 104.37±62.50 34.81±19.17#

180 min INS (mU/L) 66.56±58.64* 24.45±11.61 47.69±37.07 12.03±8.86#

HOMA-IR 7.44±7.86* 1.87±0.96 4.33±1.79** 1.31±0.48#

Notes: Data are represented as mean ± standard deviation; *P <0.05: obese PCOS group and normal BMI PCOS group; **P <0.05: obese PCOS group and obese non-PCOS 
group; #P <0.05: normal BMI PCOS group and normal BMI non-PCOS group. 
Abbreviations: PCOS, polycystic ovary syndrome; PBG, postprandial blood glucose; INS, insulin; HOMA-IR, insulin resistance index.

Table 4 Comparison of the Differences of Lipid Metabolic Indexes Between Groups

Indexes Obese PCOS Group Normal BMI PCOS Group Obese Non-PCOS Group Normal Non-PCOS Group

(OP, n=79) (NP, n=40) (ON, n=30) (NN, n=30)

TG 1.86±0.93* 0.86±0.45 1.48±1.12 0.80±0.29

TC 4.97±1.09* 4.21±0.77 4.50±0.69** 4.27±0.40
HDL-C 1.07±0.22* 1.43±0.29 1.14±0.26 1.68±0.04

LDL-C 3.26±0.89* 2.38±0.75 2.77±0.51** 2.33±0.79

sd-LDL 1.16±0.53* 0.44±0.23 0.79±0.25 0.55±0.11

Notes: Data are represented as mean ± standard deviation; *P <0.05: obese PCOS group and normal BMI PCOS group; **P <0.05: obese PCOS group and obese non-PCOS group. 
Abbreviations: TG, triglyceride; TC, cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; sd-LDL, small dense low- 
density lipoprotein.

Table 5 Correlation Analysis of FAI and T and HOMA-IR, LH, 
and LH/FSH in the Obese PCOS Group

HOMA-IR LH LH/FSH

FAI 0.338* 0.026 −0.136

T 0.205 0.184 0.033

Note: *P <0.05. 
Abbreviations: FAI, free androgen index; T, testosterone; HOMA-IR, insulin 
resistance index; LH, luteinizing hormone; LH/FSH, luteinizing hormone/follicle 
stimulating hormone; PCOS, polycystic ovary syndrome.
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Correlation Analysis Between HOMA-IR 
and BMI, Waist Circumference, Visceral 
Fat Area, FAI, and SHBG in the Obese 
and Normal BMI PCOS Groups
HOMA-IR was positively correlated with BMI, waist cir-
cumference, visceral fat area, and FAI, and negatively 
correlated with SHBG, as shown in Table 8.

Discussion
We compared the differences of endocrine and metabolic 
indexes between obese and normal BMI PCOS patients 
and matched BMI controls. There were significant meta-
bolic differences between the obese and normal BMI 
PCOS patients. Therefore, we further analyzed the corre-
lation between differential metabolic indexes and the three 
obesity indexes, BMI, waist circumference, and visceral 
fat area in PCOS patients. We found that the correlation 
coefficients between waist circumference and differential 
metabolic indexes were the largest, followed by BMI and 
visceral fat area. BMI is commonly used to evaluate obe-
sity; however, it is often affected by hydration status and 
body muscle rate. Therefore, we suggest that waist cir-
cumference may be a more suitable indicator when evalu-
ating visceral fat accumulation and metabolic 
abnormalities in PCOS patients.

Obesity is a risk factor for abnormal lipid metabolism. 
The abnormal blood lipid profile of obese patients is 
characterized by the increase of TG, TC, and LDL-C, 

and the decrease of HDL-C.8 Our data showed that, com-
pared to obese non-PCOS patients, obese PCOS patients 
had more serious lipid metabolism abnormalities, includ-
ing higher levels of TG, TC, LDL-C, and sd-LDL, and 
lower levels of HDL-C, similar to the result reported by 
Pekka.9 High serum LDL-C levels in patients with PCOS 
may also be related to hyperinsulinemia and hyperandro-
genism. The activity of lipoprotein lipase decreases when 
IR exists and reduces the clearance of LDL-C by the liver. 
In addition, testosterone can antagonize the ability of 
estrogen to stimulate the expression of LDL-C receptors 
in the liver, resulting in a decrease in liver LDL-C recep-
tors and an increase in plasma LDL-C levels.10 Moreover, 
testosterone affects the catecholamine signal in adipocytes 
and increases the release of circulating non-esterified fatty 
acids that can synthesize TG in the liver; therefore, hyper-
androgenism can also lead to an increase of TG in PCOS 
patients.11 Obesity also appears to alter the characteristics 
and severity of metabolic dysfunction in PCOS women, 
which may explain the metabolic heterogeneity in women 
with PCOS with metabolic syndrome. Lean women with 
PCOS more often exhibit symptoms consistent with 
hyperinsulinemia-driven pathophysiology compared to 
obese women without insulin resistance, who exhibit pre-
dominantly metabolic profile compatible with insulin 
resistance and are most likely associated with visceral 
obesity.12

IR is the basis of glucose and lipid metabolism disor-
ders in PCOS patients. In our study, the HOMA-IR of 
obese PCOS patients was significantly higher than that of 
normal BMI PCOS patients. In addition, compared with 
obese non-PCOS patients, obese PCOS patients had more 
serious IR, characterized by a significant increase in FINS, 
a delayed peak in INS secretion, and a further compensa-
tory increase. At the same time, we found that the HOMA- 
IR of normal BMI PCOS patients was significantly higher 
than that of the normal BMI control group. Therefore, the 
main cause of IR in PCOS patients may be obesity. 
However, there may also be non-obesity dependent 

Table 6 Correlation Analysis of FAI and T and HOMA-IR, LH, 
and LH/FSH in the Normal BMI PCOS Group

HOMA-IR LH LH/FSH

FAI 0.672* −0.261 −0.219

T 0.240 −0.203 −0.256

Note: *P <0.01. 
Abbreviations: FAI, free androgen index; T, testosterone; HOMA-IR, insulin 
resistance index; LH, luteinizing hormone; LH/FSH, luteinizing hormone/follicle 
stimulating hormone; PCOS, polycystic ovary syndrome.

Table 7 Correlation Analysis Between Differential Metabolic Indexes and BMI, Waist Circumference, and Visceral Fat Area

TC TG sd-LDL HDL-C LDL-C 0 Min INS 60 Min INS 120 Min INS 180 Min INS

BMI 0.373** 0.284** 0.534** −0.502** 0.442** 0.360** 0.399** 0.430** 0.318**

Waist circumference 0.288** 0.367** 0.509** −0.518** 0.369** 0.408** 0.433** 0.508** 0.368**

Visceral fat area 0.142 0.273 0.523 −0.452** 0.259 0.255 0.175 0.393** 0.144

Note: **P <0.01. 
Abbreviations: BMI, body mass index; TC, cholesterol; TG, triglyceride; sd-LDL, small dense low-density lipoprotein; HDL-C, high-density lipoprotein-cholesterol; LDL-C, 
low-density lipoprotein-cholesterol; INS, insulin.
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mechanisms, such as the hyperphosphorylation of serine 
on insulin receptors, that may lead to IR.13 Studies have 
confirmed that 85% of PCOS patients have IR, including 
95% of obese PCOS patients and 75% of non-obese PCOS 
patients.14

In the present study, there were significant differences 
in the levels of FAI and SHBG between the two PCOS 
groups. Obesity and hyperinsulinemia inhibit the secretion 
of SHBG in the liver, resulting in an increase in the 
concentration of free androgens.15 In addition, LH and 
LH/FSH in PCOS patients are higher than those in non- 
PCOS patients. Furthermore, hyperandrogenism in PCOS 
patients inhibits the feedback of estrogen and progesterone 
on LH pulse release, which contributes to abnormal LH 
secretion and an increased LH/FSH ratio.16 In this study, 
levels of LH and LH/FSH in normal BMI PCOS patients 
were significantly higher than those in obese PCOS 
patients, and that LH and LH/FSH were negatively corre-
lated with FAI, consistent with results reported by Zhao 
et al.17 LH levels are affected by obesity, possibly because 
of the high level of aromatase in obese adipose tissue that 
promotes the transformation of androgen to estrogen, 
resulting in a decrease in pituitary responsiveness to 
GnRH and the inhibition of LH release.18

As one of the diagnostic criteria for PCOS, hyperandro-
genemia plays an important role in its development and 
pathogenesis. Based on the results of the multiple stepwise 
regression analysis, it can be speculated that chronic inflam-
mation and IR are independent risk factors of hyperandrogen 
in obese patients, while AMH and IR are independent risk 
factors of hyperandrogen in patients with normal BMIs. 
Furthermore, the effect of IR on androgen level may be 
greater than that of chronic inflammation and AMH. While 
some researchers believe that androgen induces hyperinsu-
linemia, the more prevalent theory is that hyperinsulinemia 
may be the initiating factor of PCOS hyperandrogenism.19

In order to explore the effect of IR and pituitary hor-
mone disorder on the progression of PCOS, we analyzed 
the correlation between FAI, T, HOMA-IR, LH, and LH/ 
FSH in PCOS patients and found that only HOMA-IR and 
FAI were significantly positively correlated. 
Hyperinsulinemia acts directly on the INS receptors on 
ovarian theca cells, affecting follicular development. IR 
selectively affects tissue energy metabolism, increases the 
sensitivity of ovarian theca cells to LH response, and 
induces cytochrome P450 synergism to increase androgen 
synthesis and secretion.20 At the same time, the increase of 
INS inhibits the synthesis of SHBG in the liver, further 
increasing the level of free androgens, and abnormal 
androgen levels in the body can also aggravate IR. Under 
the action of hyperandrogen, muscle utilization of INS- 
mediated glucose is significantly reduced, thus reducing 
insulin sensitivity and aggravating IR. Furthermore, andro-
gens can also increase the conversion rate of free fatty 
acids and indirectly induce IR in muscle tissue.21

Conclusion
Endocrine metabolic disorders in women with PCOS were 
more obvious than that in women with non-PCOS with 
matched BMI. The abnormality of glucose and lipid meta-
bolism in obese PCOS patients is more serious than that in 
PCOS patients with normal BMI, which may be related to 
obesity, especially abdominal fat accumulation. Both 
obese and normal BMI PCOS patients were affected by 
hyperinsulinemia, and IR may play a key role in the 
pathogenesis and development of PCOS. Therefore, redu-
cing obesity and insulin resistance are important measures 
for the treatment of PCOS.
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