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The aim of this study was to compare androgen levels, endocrine and metabolic indices, and clinical findings in
women with polycystic ovary syndrome (PCOS) in Uygur and Han ethnic groups from Xinjiang Province, China.
Between January 2016 to May 2017 clinical data were collected from Uygur (N=82) and Han (N=100) wom-
en diagnosed with PCOS, including age, body mass index (BMI), the Ferriman-Gallwey (mFG) hirsutism score,
and waist-to-hip ratio (WHR). Blood samples obtained from all study participants were used to measure an-
drogenic steroid levels, including androgen, androstenedione, dehydroepiandrosterone (DHEA), dihydrotestos-
terone (DHT), and the free androgen index (FAI). Endocrine indices measured included sex-hormone binding
globulin (SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), and prolactin (PL).
Metabolic indices measured included insulin, glucose, total cholesterol (TC), triglyceride (TG), high-density lipo-
protein (HDL), triglyceride (TG), and low-density lipoprotein (LDL).

The FAl in Uygur women with PCOS (4.89) was significantly increased compared with Han women with PCOS
(2.78) (p<0.05); androgen levels were significantly correlated with the FAI, glucose, insulin, TC, HDL, and LDL
(p<0.05); androstenedione levels were positively correlated with glucose and insulin levels (p<0.05). In Han
women with PCOS, androgen levels were negatively correlated with TG levels and positively correlated with TC
levels (p<0.05); the FAI was positively correlated with glucose and insulin levels (p<0.05).

There were significant differences in androgen levels, endocrine, and metabolic indices in women with PCOS
between the Uygur and Han ethnic groups from Xinjiang Province in China.
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Background
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Material and Methods

Polycystic ovary syndrome (PCOS) is the most common endo-
crine disease in women of childbearing age and is associated
with metabolic changes. The clinical manifestations of PCOS
include menstrual disorders, amenorrhea, hirsutism, obesity,
and infertility, all of which seriously affect the quality of life.

The incidence of PCOS accounts for between 6-8% of clinical
disorders in women of childbearing age and is the main rea-
son for female infertility [1,2]. PCOS is also associated with
a variety of clinical complications that mainly involve the en-
docrine system, including an increased incidence of diabetes
mellitus, and the cardiovascular system, including hyperlipid-
emia [3,4]. The pathogenesis of PCOS is complex and is as-
sociated with genetic factors, environmental factors, and so-
cial factors [5,6]. Previously published studies have shown
that clinical factors associated with PCOS include adrenergic
hyperthyroidism, increased pulse frequency of release of hy-
pothalamic gonadotropin-releasing hormone and luteinizing
hormone (GnRH-LH), and ovarian autocrine and paracrine ab-
normalities [7,8]. Among the factors associated with PCOS,
hyperandrogenism is considered to be the most important
characteristic involved in the pathological and physiological
basis for PCOS [9]. Hyperandrogenism can be diagnosed and
treated in the clinic by measurement of levels of androgen,
androstenedione, dehydroepiandrosterone (DHEA), and dihy-
drotestosterone (DHT) in routine blood samples [9]. The clin-
ical features of hyperandrogenism are reduced ovulation, an-
ovulation, alopecia, acne, hirsutism, and the development of
masculine characteristics [10,11]. Three-dimensional (3D) ul-
trasound in PCOS shows increased numbers of follicles and
enlarged follicular size.

The incidence, age of onset, and clinical associations of PCOS
differ between different regions and races, and the incidence
and severity of hyperandrogenism have also been reported to
show geographic and ethnic differences [12,13]. The reason
for these geographic and ethnic differences may be related to
eating habits, age, and living and working environment [14].
China is a large and multi-ethnic country with many provinces
that include cities and rural areas. Therefore, the occurrence
and clinical manifestations of PCOS in different ethnic groups
in China are also different [15,16]. There are a large number
of ethnic minorities with different living habits in Xinjiang
Province, which includes the Uygur and Han ethnic groups.

Therefore, the aim of this study was to compare androgen lev-
els, endocrine and metabolic indices, and clinical findings in
women with polycystic ovary syndrome (PCOS) in Uygur and
Han ethnic groups from Xinjiang Province, China.

Ethical approval and patient consents

This study was approved by the Medical Ethics Committee of
Zhongnan Hospital, Wuhan University, China. All patients who
participated in the study signed informed consent to partici-
pate in the study.

Diagnosis of polycystic ovary syndrome (PCOS) and study
inclusion criteria

Patients were enrolled in the study who were diagnosed with
polycystic ovary syndrome (PCOS) at Zhongnan Hospital, Wuhan
University between June 2016 to December 2017. The study in-
cluded 182 women, including Uygur (N=82) and Han (N=100)
women diagnosed with PCOS. Inclusion criteria were reduced
menstruation or amenorrhea with fewer than eight menstru-
ation cycles with one year or a menstrual cycle of more than
35 days. Other study inclusion criteria included meeting the
clinical and/or biochemical criteria for hyperandrogenism, with
ovarian polycystic changes including the number of ovarian fol-
licles between 2-9 mm in diameter located at least one side
of the ovary, and an ovarian volume >10 ml.

Study exclusion criteria include pregnancy, lactation, the pres-
ence of ovarian cancer, hormone therapy within the previous
three months, functional hypothalamic amenorrhea, congeni-
tal adrenal hyperplasia or androgen-secreting adrenal tumors,
premature ovarian failure, hyperprolactinemia, primary ovarian
dysfunction, Cushing’s syndrome, or thyroid dysfunction [16].

Patients clinical data

Clinical data collected for each study participant included age,
body mass index (BMI), the Ferriman-Gallwey (mFG) hirsutism
score, and waist-to-hip ratio (WHR).

Blood sample collection

Blood samples were collected from all study participants.
Peripheral venous blood was collected on the morning of the
third to the fifth day of menstrual cramps or bleeding in the
patients with oligomenorrhea or amenorrhea using progestin
withdrawal therapy.

Measurement of androgenic steroid levels

A chemiluminescence method was used to determine the an-
drogen indices using an automatic chemiluminescence analyz-
er (Model: AU5800) (Beckman, Germany). Levels of androgenic
steroids measured included androgen, androstenedione, dehy-
droepiandrosterone (DHEA), and dihydrotestosterone (DHT).
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Table 1. General information comparison between PCOS women
from Uygur and Han.

Index Uygur PCOS group Han PCOS group

Age (year) 28.2+4.1 27.6+5.2
CBMIGkgm) 51135 213224
 Menstrual cycle (d)  400#45 420435
CWHR 0912005 089007

* P<0.05, compared with Han PCOS group.

Table 2. Androgen index analysis between PCOS women from
Uygur and Han.

Index Uygur PCOS group Han PCOS group

T (nmol/L) 1.72+0.61 * 1.21+0.47
CMmol) 1078:078" 5352091
| DHEAS (ug/d) 272.38:24.28° 1801143589
CDHT (ugrd) 3292144216 378.66+29.88

m-FG 2.12+0.35 2.35+0.24

* P<0.05, compared with Han PCOS group.
Measurement of endocrine indices

Endocrine indices measured included sex-hormone binding
globulin (SHBG), luteinizing hormone (LH), follicle-stimulating
hormone (FSH), estradiol (E2), prolactin (PL), and insulin. The
free androgen index (FAI) was calculated as the level of an-
drogen/sex hormone binding globulin (SHBG).

Measurement of metabolic indices

Metabolic indices measured included insulin, glucose, total cho-
lesterol (TC), triglyceride (TG), high-density lipoprotein (HDL),
triglyceride (TG), and low-density lipoprotein (LDL). Glucose
levels were determined by the oxidative enzymatic method.
Levels of TC, TG, HDL, TG, and LDL were measured using the
enzymatic degradation method and the automatic biochemi-
cal analyzer (Model: AU640) (Olympus, Japan).

Statistical analysis

Data analysis were performed by using SPSS version 16.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Measurements were pre-
sented as the mean + standard deviation (SD) and compared
by using one-way analysis of variance (ANOVA). Correlation
analysis was performed using Pearson’s correlation coeffi-
cient. A p-value <0.05 was regarded as representing statisti-
cal significance.
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Figure 1. Comparison of the free androgen index (FAI) between
women with polycystic ovary syndrome (PCOS) in
Uygur and Han ethnic groups from Xinjiang Province,
China. * P<0.05, compared with the group of Han
women with polycystic ovary syndrome (PCOS).

Results

Comparison of clinical and demographic data between
women with polycystic ovary syndrome (PCOS) from
Uygur and Han

There were no statistical differences between the two groups of
women with polycystic ovary syndrome (PCOS) from Uygur and
Han for age, waist-to-hip ratio (WHR), and menstrual cycle (p>0.05).
However, the body mass index (BMI) in the group of women with
PCOS from Uygur was significantly increased compared with the
group of women with PCOS from Han (p<0.05) (Table 1).

Comparison of androgenic steroid levels between women
with PCOS from Uygur and Han

The levels of androgen, androstenedione, and dehydroepian-
drosterone (DHEA) were significantly increased in the group
of women with PCOS from Uygur compared with the group of
women with PCOS from Han (p<0.05) (Table 2). However, no
statistical difference was found between the two groups for
dihydrotestosterone (DHT) and the Ferriman-Gallwey (mFG)
hirsutism score (p>0.05) (Figure 1).

Correlation analysis of androgen indices between women
with PCOS from Uygur and Han

Correlation analysis of androgen results showed that there was
a positive correlation between levels of androstenedione and
androgen, DHEA, DHT, and free androgen index (FAI) in wom-
en with PCOS from Uygur (p<0.05). There was also a correla-
tion among these androgen levels in women with PCOS from
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Table 3. Correlation analysis of androgen index between PCOS women from Uygur and Han.

Group T A4
Uygur
""""""" T et
""""""" Mmoo o™
""""""" DHEAS o031 o7
""""""" pHT  om o5
""""""" P 009 o075t
""""" Wan
""""""" T/ ose
""""""" Mo os
""""""" DHEAS  o75%  081*
""""""" DHT o069 o065
""""""" W ose o7t

DHEAS DHT m-FG
"""""""" 021 om o2
"""""""" o72%  os o1
S 023 009
"""""""" 03 /o0
"""""""" 0155 o016 008
"""""""" o75* o6 o017
"""""""" o1 o6  o0l6
s 053 006
"""""""" os» /00
"""""""" 083  o0se ol

*P<0.05; ** P<0.01

Table 4. Metabolic and endocrine index analysis between PCOS
women from Uygur and Han.

Index Uygur PCOS group Han PCOS group
FSH (1U/L) 5.72+0.49 5.89+0.72
Sy 861£231 0.05:147
CBRpmo/) 142715221 1382244138
CPRL(mIU/) 3724453428 380.55:38.18
CINS(mUA) 11232216 12664281
G (mmoll)  1181#121 1098167
CTC(mmol) 4391028 4512037
TG (mmol) 1315009 1285011
CHDL(mmoll)  124:020 1224025
CDL(mmol) 2782036 2561029

Han (p<0.05). However, the androgen levels in both groups
were not correlated with the m-FG score (p>0.05) (Table 3).

Comparison of metabolic and endocrine levels between
women with PCOS from Uygur and Han

There were no significant differences between of metabolic and
endocrine indices between the two groups, of women with PCOS
from Uygur an Han, including follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), prolactin (PL), insulin, glu-
cose, total cholesterol (TC), triglyceride (TG), high-density lipopro-
tein (HDL), and low-density lipoprotein (LDL) (p>0.05) (Table 4).

Correlation analysis of androgen and metabolic indices
between women with PCOS from Uygur and Han

In the group of women with PCOS from Uygur, each androgen
and metabolic index exhibited a stronger correlation between
androgen and the free androgen index (FAI) with glucose, insu-
lin, TC, HDL, and LDL, respectively (p<0.05), while androstene-
dione levels were positively correlated with glucose and in-
sulin (p<0.05). However, there was no significant correlation
between each androgen index and the metabolic parameters
in the group of women with PCOS from Han, but androgen
levels were negatively correlated with TG and positively cor-
related with TC in this group (p<0.05), the FAI was positively
correlated with glucose and insulin (p<0.05), but there were
no significant correlations between androgen and other met-
abolic indices (p>0.05) (Table 5).

Correlation analysis of androgen and endocrine indices
between women with PCOS from Uygur and Han

In the group of women with PCOS from Uygur, the correla-
tion between the androgen and endocrine indices was weak.
Androgen, androstenedione, and the FAI were positively cor-
related with LH and E2, but not with the FSH. In the group of
women with PCOS from Han, there was a significant corre-
lation between each of the androgen and endocrine indices,
with androstenedione negatively correlated with FSH, posi-
tively correlated with PL, but not correlated with LH, and an-
drogen and DHEA were negatively correlated with FSH and
FAI (p<0.05) (Table 6).
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Table 5. Correlation analysis of androgen and metabolic index analysis between PCOS women from Uygur and Han.

Group GLU INS TC LLc] HDL LDL
Uygur
"""""" mfG 03 o017 o2 o1 om0
o ose 062* 066 0a1 0sor 061
oM oes 04 025 07 016 008
"""""" DHEAS 020 022 o019 o013 01 008
"""""" ot ox o7 02 o1 o015 o024
"""""" A o7 o7s%  o0e* 039 0S8  06r
"""" Han
"""""" me o009  ols o1 o017 009 012
oo o1a 017 os 063 | 021 013
Y 018 o0 006 o5 006 011
"""""" DHEAS 003 o1 007 014 005 010
"""""" pHT o005 002 002 006 008 003
"""""" A o7 o6 o021 019 o015 017

* P<0.05; ** P<0.01.

Table 6. Correlation analysis of metabolic and endocrine index analysis between PCOS women from Uygur and Han.

Group FSH LH E2 PRL
Uygur
”””””””””” meG -om o1 o1 -2
e o7 ore o 018
M o3 osg os* o1s
”””””””””” DHEAS ~ -007 02 o1’ o1
”””””””””” oW -13  -004  -06 009
”””””””””” A 005 oes*  oza*~ 003
”””””””” Han
”””””””””” meG 004 o002 o005 o007
e o o2 008
M osr o6 o190 o7
”””””””””” DHEAS ~ -0e3* 009 om o001
”””””””””” o  -0199 o  ow. 009
”””””””””” W =05 o002 -1  -010

* P<0.05; ** P<0.01.
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Discussion

Due to reduced ovulation or anovulation, polycystic ovary syn-
drome (PCOS) may lead to irregular thickening of the endo-
metrium. Therefore, PCOS is associated with an increased risk
of endometrial disease, including endometrial cancer. Also,
PCOS can be associated with abnormalities of the endocrine
and metabolic systems, resulting in the increased risk of clini-
cal conditions that include hypertension and diabetes [17,18].
In the process of estrogen synthesis in women, pregnenolone
in the ovary and adrenal gland can synthesize androgens, in-
cluding testosterone, androstenedione, dehydroepiandros-
terone (DHEA), dihydrotestosterone (DHT), and the free an-
drogen index (FAI).

Among the androgen precursors is DHEA, the intermediate prod-
uct of androstenedione, and the final effective androgen syn-
thesis process includes both androgen and DHT [19]. In PCOS,
androgen synthesis is increased in theca cells, resulting in hy-
perandrogenism and its associated clinical effects. Therefore,
the androgenic index is of significance in the occurrence and
development of PCOS and in the diagnosis and monitoring of
its progression or response to treatment. Because the patho-
genesis and clinical manifestations of PCOS in different eth-
nic groups differ, the aim of this study was to analyze whether
there were any differences in the androgenic, endocrine, and
metabolic characteristics between the two groups of women
with PCOS from Uygur and Han.

In this study, comparison of the two groups of women with
PCOS from Uygur and Han, the body mass index (BMI) in the
group from Uygur was significantly greater when compared
with the Han group. Increased BMI might be involved in the
pathogenesis of PCOS and also affect the effects of treatment,
as obesity can cause hyperinsulinemia, dyslipidemia, hyper-
glycemia, increased secretion of inflammatory cytokines, hy-
pertension, and diabetes mellitus, all of which might explain
the clinical presentation in the group from Uygur [20,21]. One
of the clinical manifestations of hyperandrogenism is hirsut-
ism. However, the results of the present study found no sig-
nificant difference in the Ferriman-Gallwey (mFG) hirsutism
score between the two groups, which supported the relative
independence of clinical symptoms and biochemical indica-
tors in PCOS. Androgen, androstenedione, DHEA, and FAI in
the group of women with PCOS from Uygur were significantly
increased compared with the levels in the Han group, but DHT
levels were not significantly different between the two groups.
In the group of women with PCOS from Uygur, levels of andro-
stenedione were significantly correlated with levels of andro-
gen, DHEA, DHT, and the FAI. The correlation between the an-
drogen indices in the Han PCOS group was significant, which
might indicate a correlation between the androgen metabol-
ic pathways in the Han group of women with PCOS, and any

CLINICAL RESEARCH

differences between the Uygur group of women with PCOS
might be explained by difference in the activity of metabolic
enzymes between these two groups [22].

In the present study, a further separate analysis was performed
to evaluate the correlation between androgen and endocrine
and metabolic indices between the two ethnic groups. The re-
sults of this analysis confirmed that there was an increased
correlation between each of the androgen indices and the
metabolic indices in the Uygur study group. In the Han study
group, the correlation between the androgen indices and the
metabolic indices were not significant.

The correlation trends between the androgen and endocrine
indices in the present study is supported by previously pub-
lished studies that have shown that the androgen receptor
might have an effect on apoptosis of ovarian granulosa cells
apoptosis, granulosa cell death, reducing antral follicles, led to
ineffective effects on the ovary by pituitary gonadotropin se-
cretion, and leading to premature ovarian senility [23,24]. This
study also showed that there was a correlation between an-
drogen levels, the FAI, androstenedione, luteinizing hormone
(LH), estradiol (E2), and follicle-stimulating hormone (FSH) in
two study groups, indicating that androgens can affect fol-
licular development. The FAI has previously been reported to
evaluate the activity of androgens, and to be a better meth-
od of evaluation of the significance of the effects of hyper-
androgenism [25].

In the present study, androgenic indices measured showed
a stronger correlation with metabolic indices in women with
PCOS from Uygur, and their BMI levels were significantly in-
creased compared with women with PCOS from Han, indicat-
ing that women from Uygur with PCOS were more likely to ac-
cumulate visceral fat, and have an increased risk of developing
metabolic syndrome and cardiovascular disease.

Although the aim of this study was to investigate androgen
levels, endocrine and metabolic indices, and clinical findings in
women with PCOS in Uygur and Han ethnic groups to deter-
mine whether any differences might affect diagnosis or clini-
cal management, the study had several limitations. The study
sample size was limited as the study was undertaken from a
single center and during a limited time. Further large-scale,
multi-center studies within regions are recommended to fur-
ther evaluate regional differences in androgen, endocrine, and
metabolic indices in Chinese women with PCOS.

Conclusions

The findings of this study showed that there were significant
differences in androgen levels, endocrine, and metabolic indices
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in women with polycystic ovary syndrome (PCOS) between the
Uygur and Han ethnic groups from Xinjiang Province in China.
In particular, there were significant differences in androgen
levels between the two ethnic groups, indicating that further
studies should include evaluation of androgenic steroid indi-
ces, including the free androgen index (FAI).
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