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Abstract

Objective: To identify predictors of the ovarian response to clomiphene citrate (CC) in infertile

patients with polycystic ovary syndrome (PCOS).

Methods: We performed a prospective cohort study of infertile patients with PCOS. The

participants underwent assessments of their physical, endocrine, and metabolic characteristics,

and treatment with CC at an initial dose of 50 mg/day and a maximum of 100 mg/day between

days 3 and 7 of their menstrual cycles. Participants who ovulated were identified as responders

and those who did not as non-responders.

Results: Of the 72 participants, 48 (66.7%) were identified as responders and 24 as non-

responders. Sex hormone-binding globulin (SHBG) (odds ratio 1.022, 95% confidence interval:

1.000–1.045) was found to be associated with the ovarian response to CC using logistic multi-

variate regression analysis. Receiver operating characteristic analysis also showed that SHBG was

a significant predictor of the response to CC (area under the curve 0.799).

Conclusion: We have shown that SHBG is the best prognostic indicator of an ovulatory

response to CC. However, larger prospective studies, in which more variables are assessed,

are required to confirm this finding and to identify appropriate cut-off values.
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Introduction

Polycystic ovary syndrome (PCOS) is the
most common endocrine and metabolic dis-
order, affecting 6% to 10% of women of
reproductive age.1 PCOS is often associated
with oligo-anovulation and results in infer-
tility, which necessitates the artificial induc-
tion of ovulation. Indeed, infertility is 10
times more prevalent in patients with
PCOS than in healthy individuals.2

Clomiphene citrate (CC) is a selective estro-
gen receptor modulator (SERM) that indu-
ces the secretion of a pulse of
gonadotropin-releasing hormone (GnRH),
which inhibits the negative feedback effects
of circulating estrogen and induces gonad-
otropin secretion from the anterior pitui-
tary gland. The stimulation of the ovaries
by these endogenous gonadotropins stimu-
lates follicular development.3 CC is widely
used as a first-line therapy to induce ovula-
tion in patients with PCOS.4 However, 20%
to 25% of women are CC-resistant.5

Patients with PCOS who demonstrate
hyperandrogenism, insulin resistance (IR)
and obesity are reported to be less likely
to respond to CC, which implies that these
defects may be the principal causes of CC
resistance.6,7

Various clinical, metabolic and hormon-
al factors might affect the response to CC.
Ellakwa et al. found that the total circulat-
ing testosterone (TT) concentration was the
best individual predictor of the response to
CC treatment.8 Sachdeva et al.9 reported
that body mass index (BMI), fasting insulin
concentration and antral follicle count

(AFC) were the best anthropometric, meta-

bolic and ovarian reserve predictors, respec-

tively, of non-responsiveness to CC. In

addition, Xi et al.10 showed that serum

anti-Müllerian hormone (AMH) concentra-

tion may be useful for the identification of

patients with PCOS who were more likely

to respond to CC treatment. However,

there have been no studies that have

assessed the relationship between sex

hormone-binding globulin (SHBG) concen-

tration and the response to CC. In our pre-

vious studies, SHBG was shown to be a

predictor of gestational diabetes mellitus

(GDM) and pre-eclampsia (PE) in infertile

patients with PCOS.11,12 SHBG is synthe-

sized in the liver and is the major plasma

transport protein for testosterone, with

95% of this hormone being bound to

SHBG.13 Therefore, the circulating SHBG

concentration may predict the response to

CC. In the present study, we aimed to iden-

tify predictors of ovulation in response to

CC in women with PCOS by performing a

prospective cohort study, and to provide

clinical basis for the individualized treat-

ment of patients with PCOS and infertility.

Methods

Study design

A prospective cohort study was carried out

in the Obstetrics and Gynecology Hospital

of Fudan University, Shanghai, between

January 2014 and December 2017. We

enrolled patients with PCOS who were
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infertile, were 20 to 40 years old, and
attended the Reproductive Endocrinology
Clinic. Infertility was diagnosed using the
World Health Organization criteria: the
inability to conceive despite regular sexual
intercourse over a year, without the use of
any contraception.14 Diagnoses of PCOS
were made using the Rotterdam criteria
(2003). At least two of the following three
criteria had to be met: clinical and/or bio-
chemical signs of oligo- and/or anovulation,
hyperandrogenism, and polycystic ovary on
ultrasonographic examination. In addition,
related diseases were excluded, including
adrenal congenital hyperplasia, Cushing’s
syndrome, and androgen-secreting
tumors.15 As shown in Figure 1, all the
women with PCOS were administered an
initial dose of 50 mg/day and a maximum
dose of 100 mg/day CC between days 3 and
7 of their menstrual cycles, after spontane-
ous or withdrawal bleeding.

The study was approved by the ethics
committee of the Obstetrics and
Gynecology Hospital of Fudan University
(number [2013]25). All the patients provid-
ed their written informed consent for the
use of their medical records and their data
were anonymized in the present manuscript.

Patient characteristics

The inclusion criteria were as follows:
women between 20 and 40 years old, who
had been diagnosed with PCOS and

infertility, and then treated with 50 to 100
mg/day of CC. The exclusion criteria were
as follows: women aged >40 or <20 years;
the presence of a related disease, such as
adrenal hyperandrogenism or diabetes mel-
litus; and the induction of ovulation with
>100 mg/day CC or another medication,
such as letrozole.

The participants were subsequently iden-
tified as responders and non-responders.
Responders were defined as having PCOS
if they ovulated during CC therapy, irre-
spective of the dose administered. Non-
responders were defined as participants
who did not ovulate following treatment
with 100 mg/day CC over three cycles.
When one or two dominant follicles of
>18 mm in diameter were identified on
ultrasonographic examination, 5000 to
10,000 units of human chorionic gonado-
tropin (Guangzhou TianCheng Medical
Technology Co., Ltd, Guangzhou, China)
were injected intramuscularly.

It has been reported that between 15%
and 40% of patients with PCOS show per-
sistent anovulation following three succes-
sive treatments with CC5,16. The required
sample size was calculated using this
range, 90% power, a¼0.05, and the equa-
tion n¼m2a/2p(1-p)/d

2; and was determined
to be between 49 and 92.

Outcome measures

Prior to treatment, the height, body mass,
waist circumference (WC), hip circumfer-
ence, Ferriman–Gallway (F-G) score for
acne, Rosenfield score for acanthosis nigri-
cans (AN) were recorded for all the partic-
ipants. The serum concentrations of sex
hormones (follicle-stimulating hormone
(FSH), luteinizing hormone (LH), estradiol
(E2), prolactin (PRL), progesterone, TT,
dehydroepiandrosterone sulfate (DHEA-
S), SHBG and 17a-hydroxyprogesterone
(17a-OHP)) were measured during a morn-
ing of the third to fifth day of the menstrualFigure 1. Diagram of the study design
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cycle or progestogen-induced withdrawal
bleeding. The fasting glucose, insulin, total
cholesterol (TC), triglyceride (TG), high-
density lipoprotein-cholesterol (HDL), and
low-density lipoprotein-cholesterol (LDL)
concentrations; and the glucose and insulin
concentrations obtained during an oral glu-
cose tolerance test (OGTT) (75 g glucose, 3-
hour duration) were also recorded. Serum
samples were analyzed in the laboratory of
the Obstetrics and Gynecology Hospital of
Fudan University. The SHBG and insulin
concentrations were measured using a
Modular E170 analyzer (Roche
Diagnostics, Mannheim, Germany) after
calibration with the international standard
preparation 95/560, which had a within-run
coefficient of variation of 1.0% at 21 nmol/
L. Glucose, TC, TG, HDL-cholesterol and
LDL-cholesterol concentrations were mea-
sured using a Hitachi 7180 automatic bio-
chemical analyzer (Hitachi, Tokyo, Japan).
FSH, LH, PRL, E2, progesterone, T,
DHEA-S and 17a-OHP concentrations
were measured using a DxI800 immune
analyzer (Beckman Coulter, Pasadena,
CA, USA). Transvaginal ultrasonography
was performed to diagnose PCOS and to
quantify the number and sizes of the fol-
licles in both ovaries using an SSD 5500
(Aloka Inc, Tokyo, Japan). Follicular
growth was monitored in subsequent
cycles until ovulation.

Body mass index (BMI) was calculated17

to estimate the severity of obesity and the

waist-to-hip ratio (WHR) was calculated as

an index of central obesity. Homeostasis

model assessment-insulin resistance

(HOMA-IR)18 was calculated to assess the

severity of IR. The area under the curve for

plasma insulin during an OGTT (IAUC)

was used to evaluate the degree of hyper-

insulinemia or IR and the area under the

curve for plasma glucose during an OGTT

(GUAC) was used to evaluate the degree of

glucose intolerance.19 The free androgen

index (FAI) was calculated as an index of

hyperandrogenism.20 The formulas used

were listed in Table 1.

Statistical analysis

Student’s t-test was used to compare data

that were normally distributed and showed

homogeneity of variance. Otherwise, the

Mann–Whitney U test was used. Logistic

regression analyses were performed to iden-

tify associations between variables and the

response of the participants to CC treat-

ment. Receiver operating characteristic

(ROC) curves were plotted to assess the

prognostic value of parameters identified

in this way, with the area under the ROC

curve being taken to represent the accuracy

of the prediction of the ovulatory response

to CC. P <0.05 was considered to represent

Table 1. Calculations for outcome measures

Outcome measure Formula

BMI (kg/m2) body mass/height2

WHR waist circumference/hip circumference

HOMA-IR GLU 0� INS 0/22.5

GAUC (mmol/L) 0.5� (GLU0þGLU180)þGLU60þGLU120

IAUC (lIU/mL) 0.5� (INS0þ INS180)þ INS60þ INS120

FAI TT� 100/SHBG

BMI: body mass index; WHR: waist-to-hip circumference ratio; HOMA-IR: homeostasis model assessment of insulin

resistance; GAUC: area under the curve for glucose during an oral glucose tolerance test (OGTT); IAUC: area under the

curve of insulin during an OGTT; FAI: free androgen index; TT: total testosterone; SHBG: sex hormone-binding globulin;

GLU: glucose; INS: insulin (concentrations at time points 0, 60, 120, and 180 minutes of the OGTT).
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statistical significance. Statistical analyses
were performed using SPSS Version 21.0
(IBM, Inc., Armonk, NY, USA).

Results

We studied 72 Chinese women with PCOS
and anovulatory infertility, of whom 48
ovulated after CC treatment and were
defined as responders, and 24 did not, and
were therefore defined as non-responders.
As shown in Table 2, the WHR was
higher in non-responders (P <0.05), but
there were no differences in the body
mass, height, BMI, WC, F-G Score,
Rosenfield Score or prevalence of AN
between the two groups (all P >0.05). The
concentrations of LH, TT, FAI and
DHEA-S were higher, whereas that of
SHBG was lower in the non-responders
(all P <0.05) (Table 2). The GAUC and
IAUC of the non-responders were also
higher than those of the responders (both
P <0.05), which implied that resistance to
CC was associated with IR and glucose
intolerance. However, there was no differ-
ence in the lipid profile of the two groups of
participants (Table 2).

Logistic regression was performed to
identify associations between the parame-
ters that were significantly different accord-
ing to Student’s t-test and the response to
CC in women with PCOS. Univariate logis-
tic regression analysis showed that WHR,
TT, FAI, SHBG, LH, DHEA-S, IAUC
and GAUC were all significantly associated
(all P <0.05). All of these variables were
then subjected to multivariate logistic
regression analysis, which showed that
only SHBG (odds ratio 1.022, 95% confi-
dence interval (CI): 1.000–1.045, P<0.05)
was significantly associated with the
response (Table 3).

Subsequently, the predictive value of
SHBG was analyzed using ROC analysis.
The area under the ROC curve was 0.799
(95% CI: 0.679–0.918; P <0.05) and the

sensitivity and specificity for the use of
SHBG as a predictor were determined to
be 70.0% and 76.9%, respectively.
However, the optimal cut-off value could
not be calculated because of the small
sample size (Figure 2).

Discussion

In the present study, we aimed to identify
predictors of the ovarian response to CC
treatment in infertile patients with PCOS.
We found significant associations of
WHR, TT, SHBG, FAI, LH, DHEA-S,
GAUC and IAUC with the ovarian
response to CC, and that SHBG repre-
sented the best predictor of ovulation in
response to CC, using multivariate logistic
regression and ROC analysis.

We found that non-responders had
higher WHR, LH, TT, FAI, DHEA-S,
GAUC and IAUC and lower circulating
SHBG concentration than responders.
Similarly, Sachdeva21 et al. reported in
2019 that CC-resistant patients with PCOS
have significantly higher circulating andro-
gen concentrations, longer menstrual
cycles, more disturbed metabolic profiles,
and higher BMIs than those who respond
to CC. Therefore, they speculated that
abdominal obesity, hyperandrogenism,
hyperglycemia and hyperinsulinism may
be associated with a poor ovarian response
to CC.

SHBG was shown to be a predictor of
complications of pregnancy, such as GDM
and PE, in infertile women with PCOS in
our previous studies.11,12 In the present
study, we identified a difference in serum
SHBG concentration between responders
and non-responders and found that serum
SHBG was associated with the response to
CC. Low plasma SHBG concentration
results in a higher unbound testosterone
concentration, leading to hyperandrogen-
ism, which also predisposed toward CC
resistance in patients with PCOS.22
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Table 2. Demographic characteristics; and hormone, glucose, and lipid concentrations of infertile PCOS
patients prior to the induction of ovulation

Variable

Participants

who ovulated

Participants who

did not ovulate P value

(n¼48) (n¼24)

Age (years) 26.75�2.35 27.38�445 >0.05

Anthropometric measurements

Body mass (kg) 62.64�9.71 64.09�10.67 >0.05

Height (cm) 160.9�3.5 161.42�5.37 >0.05

BMI (kg/m2) 22.04�5.58 24.40�4.99 >0.05

WC (cm) 82.75�8.31 84.41�8.85 >0.05

WHR 0.88�0.04 0.94�0.05 <0.05

F-G score 3.5�0.97 3.5�2.54 >0.05

Acne score 0.83�0.91 1.08�0.77 >0.05

AN (%) 16% 17% >0.05

Sex hormones

LH (IU/L) 6.35�2.56 11.05�7.30 <0.05

TT (nmol/L) 1.59�0.28 1.98�0.52 <0.05

SHBG (nmol/L) 135.27�65.82 77.87�63.88 <0.05

FAI 0.56�0.56 1.93�2.01 <0.05

DHEA-S (mmol/L) 4.88�1.38 6.62�2.27 <0.05

Gluco-metabolic profile

INS 0 (lIU/mL) 12.66�5 13.55�5.77 >0.05

INS 60 (lIU/mL) 92.61�60.23 140.41�41.13 <0.05

INS 120 (lIU/mL) 99.23�58.9 121.92�84.15 >0.05

INS 180 (lIU/mL) 42.1�35.53 67.90�96.12 >0.05

IAUC (lIU/mL) 202.16�85.13 259.71�132.02 <0.05

GLU 0 (mmol/L) 5.11�0.44 4.98�0.48 >0.05

GLU 60 (mmol/L) 7.80�1.72 8.58�1.70 >0.05

GLU 120 (mmol/L) 7.13�1.06 6.82�1.67 >0.05

GLU 180 (mmol/L) 5.37�1.63 5.15�2.11 >0.05

GAUC (mmol/L) 18.97�3.43 20.93�3.09 <0.05

HOMA-IR 2.90�1.24 3.03�1.41 >0.05

Lipid profile

TC (mmol/L) 4.75�0.77 4.57�0.82 >0.05

TG (mmol/L) 1.40�0.44 1.64�0.86 >0.05

HDL (mmol/L) 1.12�0.18 1.12�0.15 >0.05

LDL (mmol/L) 2.68�0.64 2.86�0.48 >0.05

Values are expressed as mean� standard deviation. Data were analyzed using Student’s t-test, the paired t-test, or Mann–

Whitney U test, as appropriate.

BMI: body mass index; WC: waist circumference WHR: waist-to-hip circumference ratio; AN: acanthosis nigricans; FSH:

follicle-stimulating hormone; LH: luteinizing hormone; PRL: prolactin; E2: estradiol; TT: total testosterone; SHBG: sex

hormone-binding globulin; FAI: free androgen index; DHEA-S: dehydroepiandrosterone sulphate. GLU: glucose; INS:

insulin (concentrations at time points 0, 60, 120, and 180 minutes of an oral glucose tolerance test (OGTT)); IAUC: area

under the insulin curve during an OGTT; HOMA-IR: homeostasis model assessment-insulin resistance; GAUC: area under

the curve for glucose during an OGTT; TC: total cholesterol; TG: triglycerides; HDL: high-density lipoprotein-cholesterol;

LDL: low-density lipoprotein-cholesterol.
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In 1998, a significant negative correlation

was found between SHBG concentration

and IAUC (r¼ �0.29, P¼ 0.039).23

However, the pathogenetic link between

SHBG and the ovarian response to CC

remained unknown. Nevertheless, an

increase in baseline serum SHBG might

improve the ovarian response to CC. The

estrogen in combined oral contraceptive

pills (COCP) stimulates the liver to synthe-

size SHBG and reduces the serum concen-

tration of free androgens. Therefore, COCP

are recommended for adult women with

PCOS for the management of hyperandro-

genism and low SHBG concentration, to

improve their response to CC.24

Therefore, comprehensive management,

including the use of COCP, may be effective

for infertile women with PCOS, because

this would increase their serum SHBG and

thereby improve their sensitivity to CC.
A larger cohort study or a multi-center

study is required to identify the most appro-

priate cut-off value of SHBG for the predic-

tion of the response to CC in patients with

PCOS. Following this, the responses to CC

could be compared in infertile patients

with PCOS who have higher and lower

baseline serum SHBG concentrations to

determine whether pre-treatment of PCOS

might be required before the induction of

ovulation.
The small sample size was a limitation of

this prospective cohort study, because the

Table 3. Logistic regression analyses of variables that were associated with the response to clomiphene
citrate in infertile women with PCOS

Univariate Multivariate

Variable OR 95% CI OR 95% CI

WHR 0.405 0.328–0.874 0.783 0.695–1.453

LH (mIU/mL) 0.654 0.543–0.759 0.994 0.789–1.252

TT (nmol/L) 0.884 0.676–0.967 0.914 0.834–1.132

SHBG (nmol/L) 1.021 1.006–1.037 1.022 1.000–1.045

FAI 0.438 0.257–0.745 1.271 0.540–2.992

DHEA-S (mmol/L) 0.983 0.944–0.998 0.983 0.954–1.013

GAUC (mmol/L) 0.841 0.732–0.966 0.941 0.699–1.266

IAUC (mIU/mL) 0.683 0.467–0.858 1.011 0.998–1.023

Italicized values are significant.

WHR: waist-to-hip circumference ratio; LH: luteinizing hormone; TT: total testosterone; SHBG: sex hormone-binding

globulin; FAI: free androgen index; DHEA-S: dehydroepiandrosterone sulphate; GAUC: area under the curve for glucose

during an OGTT; IAUC: area under the curve for insulin during an OGTT.

Figure 2. Receiver operating characteristic (ROC)
curve showing the value of sex hormone-binding
globulin (SHBG) for the prediction of the ovarian
response to clomiphene citrate (CC) treatment in
infertile PCOS women
AUC: area under the curve.
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most appropriate cut-off value of SHBG

could not be calculated. A further limita-

tion was that markers of ovarian reserve,

including AMH and AFC, were not includ-

ed because the present study focused on the

associations of clinical, hormonal, and met-

abolic parameters with the response to CC.

Other parameters, including glycosylated

hemoglobin, should also be assessed as

potential prognostic factors in the future.
In conclusion, the ovarian response to

CC treatment is associated with a number

of parameters in women with PCOS (WHR,

LH, TT, FAI, SHBG, DHEA-S, GAUC

and IAUC), and serum SHBG might be a

useful indicator of an ovulatory response to

CC. Larger prospective multi-center cohort

studies are needed to identify better predic-

tors of the ovarian response in infertile

women with PCOS.

Acknowledgement

The authors thank Qing Li, a qualified biostat-

istician, for his technical support with the data

analysis.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

The author(s) disclosed receipt of the following

financial support for the research, authorship,

and/or publication of this article: This study

was supported by the Science and Technology

Commission of Shanghai Municipality [grant

no. 16411963400].

ORCID iD

Wei Zhang https://orcid.org/0000-0001-7187-

108X

References

1. Azziz R, Woods KS, Reyna R, et al. The

prevalence and features of the polycystic

ovary syndrome in an unselected

population. J Clin Endocrinol Metab 2004;

89: 2745–2749.
2. Hart R and Doherty DA. The potential

implications of a PCOS diagnosis on a

woman’s long-term health using data link-

age. J Clin Endocrinol Metab 2015; 100:

911–919.
3. Legro RS, Brzyski R, Diamond M, et al.

Letrozole versus clomiphene for infertility

in the polycystic ovary syndrome. N Engl J

Med 2014; 371: 119–129.
4. Legro RS, Arslanian SA, Ehrmann DA,

et al. Diagnosis and treatment of polycystic

ovary syndrome: an Endocrine Society clin-

ical practice guideline. J Clin Endocrinol

Metab 2013; 98: 4565–4592.
5. Imani B, Eijkemans MJ, te Velde ER, et al.

Predictors of patients remaining anovulato-

ry during clomiphene citrate induction of

ovulation in normogonadotropic oligoame-

norrheic infertility. J Clin Endocrinol Metab

1998; 83: 2361–2365.
6. Fauser BC, Diedrich K, Devroey P, et al.

Predictors of ovarian response: progress

towards individualized treatment in ovula-

tion induction and ovarian stimulation.

Hum Reprod Update 2008; 14: 1–14.
7. Kurabayashi T, Suzuki M, Fujita K, et al.

Prognostic factors for ovulatory response

with clomiphene citrate in polycystic ovary

syndrome. Eur J Obstet Gynecol Reprod Biol

2006; 126: 201–205.
8. Ellakwa HE, Sanad ZF, Hamza HA, et al.

Predictors of patient responses to ovulation

induction with clomiphene citrate in patients

with polycystic ovary syndrome experienc-

ing infertility. Int J Gynaecol Obstet 2016;

133: 59–63.
9. Sachdeva G, Gainder S, Suri V, et al.

Prediction of responsiveness to clomiphene

citrate in infertile women with PCOS.

J Reprod Infertil 2019; 20: 143–150.
10. Xi W, Yang Y, Mao H, et al. Circulating

anti-mullerian hormone as predictor of

ovarian response to clomiphene citrate in

women with polycystic ovary syndrome. J

Ovarian Res 2016; 9: 3.
11. Xia H, Zhang R, Sun X, et al. Valuable pre-

dictors of gestational diabetes mellitus in

infertile Chinese women with polycystic

8 Journal of International Medical Research

https://orcid.org/0000-0001-7187-108X
https://orcid.org/0000-0001-7187-108X
https://orcid.org/0000-0001-7187-108X


ovary syndrome: a prospective cohort study.
Gynecol Endocrinol 2017; 33: 448–451.

12. Xia H, Zhang R, Sun X, et al. Risk factors
of preeclampsia in infertile Chinese women
with polycystic ovary syndrome: a prospec-
tive cohort study. J Clin Hypertens 2017; 19:
504–509.

13. Azziz R, Carmina E, Dewailly E, et al.
Position statement: criteria for defining
polycystic ovary syndrome as a predomi-
nantly hyperandrogenic syndrome: an
androgen excess society guideline. J Clin

Endocrinol Metab 2006; 91: 4237–4245.
14. No authors listed. The epidemiology of

infertility. Report of a WHO scientific
group. World Health Organ Tech Rep Ser

1975; 582: 1–37.
15. Rotterdam ESHRE/ASRM-Sponsored

PCOS Consensus Workshop Group.
Revised 2003 consensus on diagnostic crite-
ria and long-term health risks related to
polycystic ovary syndrome. Fertil Steril

2004; 81: 19–25.
16. Brown J, Farquhar C, Beck J, et al.

Clomiphene and anti-oestrogens for ovula-
tion induction in PCOS. Cochrane

Database Syst Rev 2009; CD002249.
17. Moran LJ, Norman RJ, Teede HJ. Lifestyle

changes in women with polycystic ovary syn-
drome. Cochrane Database Syst Rev 2011; 7:
CD007506.

18. Matthews DR, Hosker JP, Rudenski AS,
et al. Homeostasis model assessment: insulin

resistance and beta-cell function from fast-

ing plasma glucose and insulin concentra-

tions in man. Diabetologia 1985; 28:

412–419.
19. Mather KJ, Hunt AE, Steinberg HO, et al.

Repeatability characteristics of simple indi-

ces of insulin resistance: implications for

research applications. J Clin Endocrinol

Metab 2001; 86: 5457–5464.
20. Wheeler MJ. The determination of bio-avail-

able testosterone. Ann Clin Biochem 1995;

32: 345–357.
21. Sachdeva G, Gainder S, Suri V, et al.

Comparison of clinical, metabolic, hormon-

al, and ultrasound parameters among the

clomiphene citrate-resistant and clomiphene

citrate-sensitive polycystic ovary syndrome

women. J Hum Reprod Sci 2019; 12:

216–223.
22. Teede HJ, Misso ML, Costello MF, et al.

Recommendations from the international

evidence-based guideline for the assessment

and management of polycystic ovary syn-

drome. Hum Reprod 2018; 33: 1602–1618.
23. Sherif K, Kushner H and Falkner BE. Sex

hormone-binding globulin and insulin resis-

tance in African-American women.

Metabolism 1998; 47: 70–74.
24. Tanbo T, Mellembakken J, Bjercke S, et al.

Ovulation induction in polycystic ovary syn-

drome. Acta Obstet Gynecol Scand 2018; 97:

1162–1167.

Xia et al. 9


	table-fn1-03000605211000569
	table-fn2-03000605211000569
	table-fn3-03000605211000569
	table-fn4-03000605211000569
	table-fn5-03000605211000569

