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Objective: Polycystic ovary syndrome (PCOS) is an endocrine metabolic disorder
in reproductive-aged women. The study was designed to investigate the
metabolic characteristics of different phenotypes in women with PCOS of
reproductive age.

Methods: A total of 442 women with PCOS were recruited in this cross-sectional
study. According to different phenotypes, all women were divided into three
groups: the chronic ovulatory dysfunction and hyperandrogenism group (OD-
HA group, n = 138), the chronic ovulatory dysfunction and polycystic ovarian
morphology group (OD-PCOM group, n = 161), and the hyperandrogenism and
polycystic ovarian morphology group (HA-PCOM group, n = 143). The metabolic
risk factors and prevalence rates of metabolic disorders among the three groups
were compared.

Results: The body mass index (BMI), waist circumference, and waist-to-hip ratio
(WHR) of women from the OD-HA group and HA-PCOM group were significantly
higher than those of women from the OD-PCOM group (p < 0.05). The serum
insulin concentration and homeostasis model assessment of insulin resistance
(HOMA IR) at 2 h and 3 h after oral glucose powder in women from the OD-HA
group and HA-PCOM group were significantly higher than those from the OD-
PCOM group (p < 0.05). The serum total cholesterol (TC), triglyceride (TG), and
low-density lipoprotein cholesterol (LDL-C) in women from the OD-HA group
and HA-PCOM group were significantly higher than those in women from the
OD-PCOM group (p < 0.05). The prevalence rates of impaired glucose tolerance
(IGT), type 2 diabetes mellitus (T2DM), insulin resistance (IR), metabolic syndrome
(MS), nonalcoholic fatty liver disease (NAFLD), and dyslipidemia of women with
PCOS were 17.9%, 3.6%, 58.4%, 29.4%, 46.6%, and 43.4%, respectively. The
prevalence rates of IGT, IR, MS, NAFLD, and dyslipidemia of women in the OD-
HA group and HA-PCOM group were significantly higher than those of women in
the OD-PCOM group (p < 0.05). T concentration (>1.67 nmol/L) and Ferriman—
Gallwey (F-G) score (>3) significantly increased the risk of metabolic disorders in
women with PCOS (p < 0.05).
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Conclusion: The phenotypes of OD-HA and HA-PCOM in women with PCOS
were vulnerable to metabolic disorders compared to OD-PCOM. Thus, the
metabolic disorders in women with PCOS especially those with the HA
phenotype should be paid more attention in order to reduce long-

term complications.
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Introduction

Polycystic ovary syndrome (PCOS) is a lifelong metabolic
disorder that will likely influence women’s health from
adolescence to after menopause (1). The epidemiological
investigations showed that the incidence of PCOS in women of
reproductive age is 5%-15% according to different diagnostic
criteria (2, 3). Although the exact etiology and pathogenesis of
PCOS are unclear up to now, its effects on the health of women are
well known. Women with PCOS have adverse eftects on their health
in pregnancy, and the disease also affects the health of their
offspring. PCOS is an important risk factor in the development of
gestational diabetes mellitus (4). A recent study by Risal et al.
reported that daughters of mothers with PCOS have a fivefold
increased risk for PCOS (5). Another recent systematic review and
meta-analysis by Gunning et al. showed that normal weight
children of women with PCOS were prone to developing
cardiovascular metabolic disorders in early childhood (6).
Furthermore, studies have proven that PCOS is associated with
insulin resistance (IR), hyperinsulinemia (HI), type 2 diabetes
mellitus (T2DM), metabolic syndrome (MS), and an increased
risk of endometrial carcinoma, even in those with normal weight
(7, 8). Additionally, women with PCOS are prone to atherogenic
dyslipidemia, nonalcoholic fatty liver disease (NAFLD),
nonalcoholic steatohepatitis, and increased risk factors for
cardiovascular disease (9-11).

The diagnostic criteria have been proposed by different
organizations over the past several decades. In 1990, the
diagnostic criteria were carried out at a National Institutes of
Health (NIH) conference, which required the combination of
chronic oligo/anovulation and clinical or biochemical evidence of
hyperandrogenism (HA), after the exclusion of related disease (12).
Subsequently, the Rotterdam European Society of Human
Reproduction and the Embryology/American Society for
Reproduction Medicine (ESHRE/ASRM) Consensus Workshop
group proposed the addition of ultrasound characteristics for
polycystic ovarian morphology (PCOM) to the NIH criteria in
2003, with a statement that women with any two of these three
criteria could be diagnosed with PCOS (13). The diagnostic criteria
expanded the diagnosis of PCOS, and broadened the complexity of
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PCOS phenotypes compared with the NIH definition, and resulted
in an increased number of women with PCOS. Afterwards, the
Androgen Excess Society (AES) proposed new diagnostic criteria
and declared that HA is the necessary condition for diagnosis of
PCOS (14). However, the Rotterdam criterion is the most widely
used diagnostic criteria until now.

PCOS is a heterogeneous disease with diverse clinical
manifestations, including menstrual irregularities, HA, infertility,
and metabolic disorders. Different reports on the prevalence rate of
metabolic disorders and its related long-term implications in
women with PCOS are due to different diagnostic criteria.
Therefore, this study aims to investigate the metabolic
characteristics of different phenotypes in women with PCOS of
reproductive age.

Materials and methods
Study design and participants

Figure 1 indicates the flowchart of study participation. A total of
544 women in the First Affiliated Hospital of Xi’an Jiaotong
University from January 2018 to March 2022 were initially
recruited in this cross-sectional study. Among them, 181 women
presented chronic ovulatory dysfunction (OD) and HA, and 43
women were excluded due to hypothalamic amenorrhea,
hyperprolactinemia, abnormal thyroid function, premature
ovarian insufficiency (POI), premature ovarian failure (POF), or
congenital adrenal hyperplasia (CAH). In the end, 138 women were
selected as part of the OD-HA group. At the same time, ultrasound
scanning was performed to detect PCOM among 363 women with
only OD or HA; 161 women were selected as part of the OD-PCOM
group, while 143 women were selected as part of the HA-PCOM
group. A total of 59 women were excluded because they only have
OD or HA. The diagnostic criteria of PCOS in this study were the
Rotterdam criteria: (a) chronic OD, (b) clinical manifestations or
biochemical evidence of HA, and (c) PCOM: the presence of at least
12 antral follicles measuring 2-9 mm in diameter in unilateral ovary
or bilateral ovaries, and (or) an increased ovarian volume (=10 mL).
PCOS could be diagnosed when any two of these three criteria were
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FIGURE 1

Flowchart of study participation. (OD, ovulatory dysfunction; HA, hyperandrogenism; POI, premature ovarian insufficiency; POF, premature ovarian

failure; CAH, congenital adrenal hyperplasia).

presented (13). Laboratory evidence was defined as an abnormally
increased testosterone level (>1.67 nmol/L). Hirsutism was regarded
as the clinical manifestations of HA, which was defined as a
modified Ferriman-Gallwey score of more than 3 at the time of
physical examination. Participants were excluded if they had
autoimmune disease or received treatment with hormone drugs
in the past 6 months. In addition, participants who received drugs
to treat metabolic disorders and HA were also excluded from this
study, such as metformin, insulin, statins, combined oral
contraceptive, and spironolactone. All participants gave written
informed consent according to procedures granted by the Ethics
Committee of The First Affiliated Hospital of Medical College of
X{i’an Jiaotong University.

Sample size was calculated considering the prevalence rates of
metabolic disorders in women with PCOS. According to the
method reported in previous literatures, sample size was
calculated with the following parameters: probability of type 1
error (o) of 0.05 and type 2 error (B) of 0.20 (power = 80%), the
difference between two means to be detected was 0.52, and expected
background standard deviation was 1. Based on this, 120
participants were needed in each group. Considering a loss to
follow-up rate of 5%-10%, each group eventually needed at least
132 participants.

Detection of indicators

The basal concentrations of serum sex hormone on 2-4 days of
menses, and anti-Miillerian hormone (AMH) concentration were
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tested in the clinical laboratory of our hospital using the
chemiluminescence method. Women took the oral glucose
tolerance test (OGTT) and insulin release test (IRT) after fasting
for 12 h. Venous blood from the elbow was extracted in the
morning on an empty stomach and 1 h, 2 h, and 3 h after taking
75 g of glucose powder to determine the blood sugar and insulin
concentrations. Homeostasis model assessment of insulin resistance
(HOMA IR) was used to evaluate the degree of IR. The calculation
method was as follows: HOMA IR = blood sugar (mmol/L) x
insulin (mIU/L)/22.5. At the same time, serum lipid concentrations
were detected, including total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C).

Outcome measures

The primary outcome was the prevalence rates of metabolic
disorders, including impaired glucose tolerance (IGT), T2DM, IR,
MS, NAFLD, and dyslipidemia. IGT was defined as fasting blood
glucose < 7.0 mmol/L and 7.8 mmol/L < blood glucose 2 h after oral
glucose powder < 11.1 mmol/L. T2DM was defined as fasting glucose
> 7.0 mmol/L or blood glucose 2 h after oral glucose powder > 11.1
mmol/L (15). IR was defined as HOMA-IR > 3.0 (16). The diagnostic
criteria for MS in this study were proposed by the Chinese Diabetes
Society, which were more suitable for Chinese people (15) (Table 1).
Dyslipidemia was defined as presenting any one of the following four
criteria: TC = 6.2 mmol/L, TG > 2.3 mmol/L, LDL-C > 4.1 mmol/L,
and HDL-C < 1.0 mmol/L (17).
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TABLE 1 Diagnostic criteria of MS recommended by the Chinese
Diabetes Society (the diagnosis of MS must meet at least three out of the
following four criteria).

Criteria Parameters

Waist circumference = 285 cm for female patients

Hyperglycemia Fasting glucose > 6.1 mmol/L or glucose > 7.8 mmol/L
2 h after glucose load and (or) diabetes has been
diagnosed and treated

Hypertension Systolic blood pressure > 130 mmHg or diastolic blood
pressure > 85 mmHg, and (or) treatment of previously

diagnosed hypertension

Hypertriglyceridemia = Fasting TG = 1.70 mmol/L or fasting HDL-C < 1.04

mmol/L

The secondary outcomes were as follows: (a) the results of
general metabolic parameters, including blood pressure, body mass
index (BMI), waist circumference, hip circumference, and waist-to-
hip ratio (WHR); (b) the results of OGTT, IRT, and blood lipid; and
(c) the effects of HA on metabolic disorders.

Statistical analysis

The data in this study were analyzed using SPSS version 20.0. The
Kolmogorov-Smirnov test was used to check the normal distribution
prior to statistical tests. For normally distributed variables, the
continuous variables were presented as mean * standard deviation
and were analyzed by Student’s t-test, whereas the Mann-Whitney
U-test was used to analyze non-normally distributed data. The chi-
square test was used to analyze enumeration data, which were
expressed as number and percentage (%). To further explore the
effect of HA on metabolic disorders in women with PCOS, the
multivariate logistic regression analysis was used, and the BMI, waist
circumference, and WHR were adjusted. Adjusted odds ratios (OR)
with 95% confidence intervals as relative effect estimates were
calculated. p-values <0.05 were considered statistically significant.

Results
Baseline characteristics of the three groups

Table 2 shows the baseline characteristics of women among the
three groups. The Ferriman-Gallwey score and serum testosterone
(T) concentration were significantly lower in women from the OD-
PCOM group compared with women in the OD-HA group and
HA-PCOM group (p < 0.05). However, no significant difference was
found when comparing other baseline characteristics among the
three groups (p > 0.05).

General metabolic parameters

The data in Table 3 demonstrate the general metabolic
parameters among the three groups. The BMI, waist
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circumference, and WHR in women from the OD-HA group and
HA-PCOM group were significantly higher than those of women in
the OD-PCOM group (p < 0.05), but the above parameters had no
statistical difference between the OD-HA group and HA-PCOM
group (p > 0.05). Moreover, no significant difference was found
when comparing blood pressure and hip circumference among the
three groups (p > 0.05).

Oral glucose tolerance test, insulin release,
and blood lipid

Figure 2 reveals the data of OGTT, IRT, and blood lipid among
the three groups. The serum insulin concentration and HOMA IR
at 2 h and 3 h after oral glucose powder in women from the OD-HA
group and HA-PCOM group were significantly higher compared
with the OD-PCOM group (p < 0.05). Furthermore, the serum TC,
TG, and LDL-C in women from the OD-HA group and HA-PCOM
group were significantly higher compared with those of the OD-
PCOM group (p < 0.05). However, no significant difference was
found when comparing the above parameters between women in
the OD-HA group and HA-PCOM group (p > 0.05), and no
significant difference was found when comparing blood sugar
concentrations among the three groups (p > 0.05).

Prevalence rates of metabolic disorders

The prevalence rates of IGT, T2DM, IR, MS, NAFLD, and
dyslipidemia of women with PCOS were 17.9%, 3.6%, 58.4%,
29.4%, 46.6%, and 43.4%, respectively. The data in Figure 3
demonstrate the prevalence rates of metabolic disorders among the
three groups. The prevalence rates of IGT, IR, MS, NAFLD, and
dyslipidemia of women in the OD-HA group and HA-PCOM group
were significantly higher compared with women in the OD-PCOM
group (22.5% and 20.3% vs. 11.8%, 66.7% and 60.8% vs. 49.1%, 35.5%
and 32.2% vs. 21.7%, 52.9% and 49.7% vs. 37.9%, 50.7% and 46.2% vs.
34.8%, respectively) (p < 0.05). However, no significant difference was
found when comparing the above parameters between women in the
OD-HA group and HA-PCOM group (22.5% vs. 20.3%, 66.7% vs.
60.8%, 35.5% vs. 32.2%, 52.9% vs. 49.7%, and 50.7% vs. 46.2%,
respectively) (p > 0.05). No significant difference was found when
comparing the prevalence rate of T2DM among the three groups
(5.1%, 2.5%, and 3.5%, respectively) (p > 0.05).

Effect of HA on metabolic disorders

To further explore the effect of HA on metabolic disorders in
women with PCOS, the BMI, waist circumference, and WHR were
adjusted in the multivariate logistic regression analysis. Table 4
shows the effect of HA on metabolic disorders. The data
demonstrate that HA was an important risk factor in metabolic
disorders in women with PCOS. Serum T concentration (>1.67
nmol/L) and F-G score (>3) significantly increased the risk of
metabolic disorders (p < 0.05).
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TABLE 2 Baseline characteristics of women among the three groups.

Characteristics OD-HA group OD-PCOM group HA-PCOM group p-value ?®
(n = 138) (n = 161) (n = 143)

Age (years) 329 +83 337 +7.9 341495 0.769
Ferriman-Gallwey score 49 +1.7* 2.8+ 1.0 43 + 14* 0.034
Marital status 0.872

Single 21 (15.2) 27 (16.8) 25 (17.5)

Married 117 (84.8) 134 (83.2) 118 (82.5)
Smoking 10 (7.2) 13 (8.1) 12 (8.4) 0.935

Family history

Diabetes mellitus 19 (13.8) 25 (15.5) 20 (14.0) 0.893
Hypertension 16 (11.6) 18 (11.2) 17 (11.9) 0.981
Coronary heart disease 14 (10.1) 15 (9.3) 13 (9.1) 0.951
Thyroid disease 13 (9.4) 14 (8.7) 16 (11.2) 0.757

Basal concentration

FSH (mIU/mL) 73420 6.8+ 1.9 6.5+ 1.7 0.665
LH (mIU/mL) 14.8 + 4.3 116 +2.7 13.6 + 3.8 0.413
PRL (ng/mL) 135+ 3.6 127 £33 157 42 0.338
E, (pmol/L) 892 +17.4 81.3 + 16.8 95.3 + 18.4 0.527
P (nmol/L) 0.9 +0.5 1.0 +0.6 0.8 + 0.4 0.901
T (nmol/L) 2.4 +0.8% 12+05 23+ 0.9% 0.042
LH/FSH 2.0 £0.5 1.7 £ 0.4 22+06 0.376
AMH (ng/mL) 3.9 +0.8 3.6+ 0.7 41+12 0.259

History of drug therapy*

Antibiotic 20 (14.5) 22 (13.7) 19 (13.3) 0.956
Vitamins 16 (11.6) 19 (11.8) 14 (9.8) 0.834
Sedative-hypnotics 5(3.6) 7 (4.3) 4 (2.8) 0.770
History of GDM 2 (14) 1(0.6) 2 (1.4) 0.744

*Variance analysis or chi-square test. Data given as mean + SD or number (%).

*Vs. OD-PCOM group. t-test, p < 0.05.

“Drugs used in the last 6 months.

FSH, follicle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; P, progesterone; E,, estradiol; T, testosterone; GDM, gestational diabetes mellitus.

TABLE 3 Comparison of general metabolic parameters among the three groups.

Parameters OD-HA group OD-PCOM group HA-PCOM group p-value ?
(n = 138) (n = 161) (n = 143)

Blood pressure

SBP (mmHg) 1053 + 13.2 103.6 + 12.9 1012 + 11.7 0.710

DBP (mmHg) 724 + 8.6 713 +9.7 69.5 + 8.4 0.698
BMI (kg/m?) 253 + 6.5% 227 +5.1 249 + 53% 0.046
Waist circumference (cm) 83.4 + 14.9% 772 + 153 82.5 + 13.8% 0.039
Hip circumference (cm) 952 +18.3 96.1 +19.2 95.7 +17.5 0.457
WHR 0.9 + 0.4* 0.8 +0.3 0.9 + 0.4* 0.048

“Variance analysis. Data given as mean + SD.
*Vs. OD-PCOM group. t-test, p < 0.05.
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Discussion

PCOS is a kind of heterogeneous disease with metabolic
disorders. Studies have confirmed that the interaction among
genetic factors, metabolic factors, and environmental factors plays
an important role in the pathogenesis of PCOS (18). The clinical
manifestations of women with PCOS are disparate in different

countries, races, and regions, which show the polymorphism of
the disease. HA and IR are important links in the pathogenesis of
PCOS, which influence each other and form a vicious cycle (19).
Furthermore, IR is also the core pathological mechanism of MS
(20). Several studies have shown that most women with PCOS
presented as IGT, IR and compensatory HI, abdominal obesity,
metabolic disorders, and MS (8, 21). Therefore, on the basis of

801
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FIGURE 3
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Comparison of prevalence rates of metabolic disorders among the three groups (*p < 0.05, **p < 0.01).
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TABLE 4 Multivariate logistic regression analysis of the effect of HA on
metabolic disorders in women with PCOS.

Standardized 3 OR 95% Cl | p-value

IGT

T (>1.67 0.438 1.860 = 1.233-2.867 0.016

nmol/L)

F-G score (>3) 0.204 1.572  1.104-2.139 0.021
IR

T (>1.67 0.526 2.009 @ 1.236-3.451 0.012

nmol/L)

F-G score (>3) 0.709 2.408 | 1.309-4.287 0.010
MS

T (>1.67 0.319 1.670 = 1.139-2.402 0.020

nmol/L)

F-G score (>3) 0.367 1.803 = 1.208-2.609 0.018
NAFLD

T (>1.67 0.178 1.490  1.100-2.009 0.025

nmol/L)

F-G score (>3) 0.210 1.621 = 1.119-2.233 0.021
Dyslipidemia

T (>1.67 0.618 2,013 | 1.239-3.812 0.011

nmol/L)
F -G score (>3) 0.478 1.924  1.244-2.987 0.015

F-G, Ferriman-Gallwey.

symptomatic treatment, the long-term complications of women
with PCOS should be paid more attention, especially endocrine and
metabolic problems.

Our findings indicated that the metabolic characteristics of
different phenotypes in reproductive-aged women with PCOS
were different. The BMI, waist circumference, and WHR in
women from the OD-HA group and HA-PCOM group were
significantly higher than those of women from the OD-PCOM
group. The serum insulin concentration and HOMA IR of 2 h and
3 h after oral glucose powder in women from the OD-HA group
and HA-PCOM group were significantly higher than those from the
OD-PCOM group. Furthermore, the serum TC, TG, and LDL-C in
women from the OD-HA group and HA-PCOM group were
significantly higher than those from the OD-PCOM group.
However, no significant difference was found when comparing
the above parameters between women in the OD-HA group and
HA-PCOM group. In addition, our research also compared the
prevalence rates of metabolic disorders among different phenotypes
in reproductive-aged women with PCOS. The prevalence rates of
metabolic abnormalities were different due to the differences in race,
region, lifestyle, age, diagnostic criteria, etc.

Earlier studies of different phenotypes in PCOS displayed that
the prevalence of IR and MS in oligomenorrhoeic but
normoandrogenemic (PO) women were lower than in PHO women
(PCO morphology, hyperandrogenemic, and oligomenorrhoeic),
and these results suggested that normoandrogenemic and
oligomenorrhoeic women with PCOS are metabolically similar to
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control women with significantly fewer metabolic features than
women with PCOS who are also hyperandrogenemic (22). Data in
this study indicated that the prevalence rates of IGT, T2DM, IR, MS,
NAFLD, and dyslipidemia of women with PCOS were 17.9%, 3.6%,
58.4%, 29.4%, 46.6%, and 43.4%, respectively. Studies have shown that
the prevalence rates of IR and dyslipidemia in women with PCOS were
50-70% and 70%, respectively, and women with PCOS are vulnerable
to higher concentrations of TC, LDL-C, and TG (8). The results of
investigation from Beijing showed that the prevalence rate of MS in
women with PCOS was 31.9% (23). Furthermore, the increased
concentrations of TC and TG not only promoted the adverse effect
of LDL on metabolism, but also weakened the protective effect of HDL-
C on metabolism. Taken together, the above changes in blood lipid
could promote the occurrence and development of atherosclerosis and
MS. In addition, we also compared the prevalence rates of metabolic
disorders among different phenotypes of women with PCOS. Data
displayed that the prevalence rates of IGT, IR, MS, NAFLD, and
dyslipidemia of women in the OD-HA group and HA-PCOM group
were significantly higher than those of women in the OD-PCOM
group. However, no significant difference was found when comparing
the above parameters between women in the OD-HA group and those
in the HA-PCOM group. Moreover, no significant difference was
found when comparing the prevalence rate of T2DM among the
three groups.

Multivariate regression analysis revealed that HA was an
important risk factor in metabolic disorders in women with
PCOS. Serum T concentration (>1.67 nmol/L) and F-G score
(>3) significantly increased the risk of metabolic disorders. HA
plays an important role in metabolic disorders. A number of
previous studies have reported that women with PCOS with HA
are more prone to metabolic disorders (24). A systematic review in
2020 showed that metabolic disorders in women with PCOS were
closely related to HA and IR (25). A study of women with PCOS
from the Netherlands found that the occurrence risk of IR and MS
increased significantly in women with HA (26). Similarly, Li et al.
pointed out that waist circumference combined with free
testosterone index (FAI) could be used to predict IR and MS in
women with PCOS (27). HA was associated with abnormal fat
metabolism. Adipose tissue is the key target of androgen action.
Roland et al. reported higher fasting glucose and IGT in prenatally
androgenized female mice (28). A recent study reported that the
visceral adipose tissue mass of patients with PCOS with HA
phenotype was significantly increased, and serum androgen
concentration was correlated with IR (29). In brief, the
relationship between HA and metabolic disorders is very
complex. HA can cause metabolic disorders in several ways,
including fat metabolism, glucose-regulating pathways, and islet
beta-cell dysfunction (30).

This study still has some limitations. First, the endocrine and
metabolic disorders of PCOS are complex. Other androgen
metabolic indicators, such as FAI and sex hormone binding
globulin, were not detected. Second, some risk factors for
metabolic abnormalities were not examined in this study, such as
molecular markers of chronic inflammation. Therefore, the
accuracy and repeatability of this study need to be proven in
the future.
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Conclusion

The metabolic characteristics of different phenotypes in
reproductive-aged women with PCOS were different. The PCOS
phenotypes of OD-HA and HA-PCOM are vulnerable to metabolic
disorders compared to OD-PCOM. HA plays a crucial role in
increasing the risk of metabolic disorders in women with PCOS.
Targeting HA is likely to become an effective approach in the
treatment of PCOS metabolic disorders. However, the metabolic
characteristics of PCOS are very complex, and it is not just HA that
affects metabolic disorders. In fact, HA and metabolic disorders
may influence each other and form a vicious cycle. Therefore, the
mechanism and specific relationship between HA and metabolic
disorders need to be further studied in the future.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by The First
Affiliated Hospital of Xi’an Jiaotong University Institutional
Review Board. The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

References

1. Fauser BCJM, Tarlatzis BC, Rebar RW, Legro RS, Balen AH, Lobo R, et al.
Consensus on women’s health aspects of polycystic ovary syndrome (PCOS): the
Amsterdam ESHRE/ASRM-Sponsored 3rd PCOS Consensus Workshop Group. Hum
Reprod. (2012) 27:14-24. doi: 10.1093/humrep/der396

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

3. Bozdag G, Mumusoglu S, Zengin D, Karabulut E, Yildiz BO. The prevalence and
phenotypic features of polycystic ovary syndrome: a systematic review and meta-
analysis. Hum Reprod. (2016) 31:2841-55. doi: 10.1093/humrep/dew218

4. Mirabelli M, Tocci V, Donnici A, Giuliano S, Sarnelli P, Salatino A, et al. Maternal
preconception body mass index overtakes age as a risk factor for gestational diabetes
mellitus. J Clin Med. (2023) 12:2830. doi: 10.3390/jcm12082830

5. Risal S, Yu P, HJ L, Manti M, Fornes R, HP P, et al. Prenatal androgen exposure
and transgenerational susceptibility to polycystic ovary syndrome. Nat Med. (2019)
25:1894-904. doi: 10.1038/541591-019-0666-1

6. Gunning MN, Petermann TS, Crisosto N, Van Rijn BB, De Wilde MA, Christ JP,
et al. Cardiometabolic health in offspring of women with PCOS compared to healthy
controls: a systematic review and individual participant data meta-analysis. Hum
Reprod Update. (2020) 26:103-17. doi: 10.1093/humupd/dmz036

7. Fauser BC, Tarlatzis BC, Rebar RW, Legro RS, Balen AH, Lobo R, et al. Consensus
on women’s health aspects of polycystic ovary syndrome (PCOS): the Amsterdam
ESHRE/ASRM-Sponsered 3rd PCOS Consensus Workshop Group. Fertil Steril. (2012)
97:28-38. doi: 10.1016/j.fertnstert.2011.09.024

8. Moran LJ, Misso ML, Wild RA, Norman RJ. Impaired glucose tolerance, type 2
diabetes and metabolic syndrome in polycystic ovary syndrome: a systematic review
and meta-analysis. Hum Reprod Update. (2010) 16:347-63. doi: 10.1093/humupd/
dmq001

Frontiers in Endocrinology

10.3389/fendo.2024.1370578

Author contributions

XW: Writing - review & editing, Data curation, Investigation.
LW: Writing - review & editing, Conceptualization, Writing —
original draft. EB: Investigation, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by the Social Development Project of Key Research and
Development Program of Shaanxi Province, China (No.
2022SF-163).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

9. Cooney LG, Dokras A. Beyond fertility: polycystic ovary syndrome and long-term
health. Fertil Steril. (2018) 110:794-809. doi: 10.1016/j.fertnstert.2018.08.021

10. Paschou SA, Polyzos SA, Anagnostis P, Goulis DG, Kanaka-Gantenbein C,
Lambrinoudaki I, et al. Nonalcoholic fatty liver disease in women with polycystic ovary
syndrome. Endocrine. (2020) 67:1-8. doi: 10.1007/s12020-019-02085-7

11. Osibogun O, Ogunmoroti O, Michos ED. Polycystic ovary syndrome and
cardiometabolic risk: Opportunities for cardiovascular disease prevention. Trends
Cardiovasc Med. (2020) 30:399-404. doi: 10.1016/j.tcm.2019.08.010

12. Huang A, Brennan K, Azziz R. Prevalence of hyperandrogenemia in the
polycystic ovary syndrome diagnosed by the National Institutes of Health 1990
criteria. Fertil Steril. (2010) 93:1938-41. doi: 10.1016/j.fertnstert.2008.12.138

13. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group. Revised
2003 consensus on diagnostic criteria and long-term health risks related to polycystic ovary
syndrome (PCOS). Hum Reprod. (2004) 19:41-7. doi: 10.1093/humrep/deh098

14. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF,
Futterweit W, et al. The Androgen Excess and PCOS Society criteria for the polycystic
ovary syndrome: the complete task force report. Fertil Steril. (2009) 91:456-88.
doi: 10.1016/j.fertnstert.2008.06.035

15. Chinese Medical Association diabetes Branch. Chinese guidelines for the
prevention and treatment of Type 2 diabetes. Chin | Diabetes Mellitus. (2018) 10:4—
67. doi: 10.3760/cma.j.issn.1674-5809.2018.01.003

16. Zhao H, Zhang J, Cheng X, Nie X, He B. Insulin resistance in polycystic ovary
syndrome across various tissues: an updated review of pathogenesis, evaluation, and
treatment. J Ovarian Res. (2023) 16:9. doi: 10.1186/s13048-022-01091-0

17. Joint Committee on Revision of Chinese Guidelines for Prevention and
Treatment of Dyslipidemia in Adults. Chinese guidelines for prevention and
treatment of dyslipidemia in adults (2016 revision). Chin Circul J. (2016) 31:337-
950. doi: 10.3969/j.issn.1000-3614.2016.10.001

frontiersin.org


https://doi.org/10.1093/humrep/der396
https://doi.org/10.1016/j.fertnstert.2016.05.003
https://doi.org/10.1093/humrep/dew218
https://doi.org/10.3390/jcm12082830
https://doi.org/10.1038/s41591-019-0666-1
https://doi.org/10.1093/humupd/dmz036
https://doi.org/10.1016/j.fertnstert.2011.09.024
https://doi.org/10.1093/humupd/dmq001
https://doi.org/10.1093/humupd/dmq001
https://doi.org/10.1016/j.fertnstert.2018.08.021
https://doi.org/10.1007/s12020-019-02085-7
https://doi.org/10.1016/j.tcm.2019.08.010
https://doi.org/10.1016/j.fertnstert.2008.12.138
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1016/j.fertnstert.2008.06.035
https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://doi.org/10.1186/s13048-022-01091-0
https://doi.org/10.3969/j.issn.1000-3614.2016.10.001
https://doi.org/10.3389/fendo.2024.1370578
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wen et al.

18. Sagvekar P, Dadachanji R, Patil K, Mukherjee S. Pathomechanisms of polycystic
ovary syndrome: multidimensional approaches. Front Biosci (Elite Ed). (2018) 10:384-
422. doi: 10.2741/e829

19. Barber TM, Dimitriadis GK, Andreou A, Franks S. Polycystic ovary syndrome:
insight into pathogenesis and a common association with insulin resistance. Clin Med.
(2016) 16:262-6. doi: 10.7861/clinmedicine.16-3-262

20. Gluvic Z, Zaric B, Resanovic I, Obradovic M, Mitrovic A, Radak D, et al. Link
between metabolic syndrome and insulin resistance. Curr Vasc Pharmacol. (2017)
15:30-9. doi: 10.2174/1570161114666161007164510

21. Moghetti P. Insulin resistance and polycystic ovary syndrome. Curr Pharm Des.
(2016) 22:5526-34. doi: 10.2174/138161282266616072015585522

22. Barber TM, Wass JA, McCarthy MI, Franks S. Metabolic characteristics of
women with polycystic ovaries and oligo-amenorrhoea but normal androgen levels:
implications for the management of polycystic ovary syndrome. Clin Endocrinol.
(2007) 66:513-7. doi: 10.1111/j.1365-2265.2007.02764.x

23. WuHQ, Ruan XY, Lu YJ, Tian XX, Zhang Y, Cui YM, et al. Prevalence, characteristics
and predictors of the metabolic syndrome in women with polycystic ovary syndrome. J Capit
Med Univ. (2015) 36:553-8. doi: 10.3969/j.issn.1006-7795.2015.04.008

24. Zeng X, Xie YJ, Liu YT, Long SL, Mo ZC. Polycystic ovarian syndrome:
correlation between hyperandrogenism, insulin resistance and obesity. Clin Chim
Acta. (2020) 502:214-21. doi: 10.1016/j.cca.2019.11.003

Frontiers in Endocrinology

09

10.3389/fendo.2024.1370578

25. Rimmer M, Tan BK, Teede H, Thangaratinam S, Al Wattar BH. Metabolic
inflexibility in women with polycystic ovary syndrome: a systematic review. Gynecol
Endocrinol. (2020) 36:501-7. doi: 10.1080/09513590.2019.1698025

26. Goverde AJ, Bvan Koert AJ, Eijkemans MJ, Knauft EA, Westerveld HE, Fauser
BC, et al. Indicators for metabolic disturbances in anovulatory women with polycystic
ovary syndrome diagnosed according to the Rotterdam consensus criteria. Hum
Reprod. (2009) 24:710-7. doi: 10.1093/humrep/den433

27. Li J, Wu Q, Wang CC, Wang R, Ng Ernest HY, Liu JP, et al. Endocrine
characteristics, body mass index and metabolic syndrome in women with polycystic
ovary syndrome. Reprod BioMed Online. (2019) 39:868-76. doi: 10.1016/
j.rbmo.2019.06.014

28. Roland AV, Nunemaker CS, Keller SR, Moenter SM. Prenatal androgen
exposure programs metabolic dysfunction in female mice. J Endocrinol. (2010)
207:213-23. doi: 10.1677/JOE-10-0217

29. Polak AM, Adamska A, Krentowska A, Lebkowska A, Hryniewicka J, Adamski
M, et al. Body composition, serum concentrations of androgens and insulin resistance
in different polycystic ovary syndrome phenotypes. J Clin Med. (2020) 9:732.
doi: 10.3390/jcm9030732

30. Kempegowda P, Melson E, Manolopoulos KN, Arlt W, Reilly MW. Implicating
androgen excess in propagating metabolic disease in polycystic ovary syndrome. Ther
Adv Endocrinol Metab. (2020) 11:2042018820934319. doi: 10.1177/2042018820934319

frontiersin.org


https://doi.org/10.2741/e829
https://doi.org/10.7861/clinmedicine.16-3-262
https://doi.org/10.2174/1570161114666161007164510
https://doi.org/10.2174/138161282266616072015585522
https://doi.org/10.1111/j.1365-2265.2007.02764.x
https://doi.org/10.3969/j.issn.1006-7795.2015.04.008
https://doi.org/10.1016/j.cca.2019.11.003
https://doi.org/10.1080/09513590.2019.1698025
https://doi.org/10.1093/humrep/den433
https://doi.org/10.1016/j.rbmo.2019.06.014
https://doi.org/10.1016/j.rbmo.2019.06.014
https://doi.org/10.1677/JOE-10-0217
https://doi.org/10.3390/jcm9030732
https://doi.org/10.1177/2042018820934319
https://doi.org/10.3389/fendo.2024.1370578
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Metabolic characteristics of different phenotypes in reproductive-aged women with polycystic ovary syndrome
	Introduction
	Materials and methods
	Study design and participants
	Detection of indicators
	Outcome measures
	Statistical analysis

	Results
	Baseline characteristics of the three groups
	General metabolic parameters
	Oral glucose tolerance test, insulin release, and blood lipid
	Prevalence rates of metabolic disorders
	Effect of HA on metabolic disorders

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




