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Abstract: Research question: Clomiphene citrate (CC) is one of the first-line treatments for ovulation
induction in women with anovulatory polycystic ovary syndrome (PCOS). However, nearly 1 out
of 2 women is resistant to 50 mg/day of CC. The objective of this study is to investigate the clinical,
biological, and/or ultrasound factors that may predict the resistance to 50 mg/day of CC in the first
cycle of treatment in women with anovulatory PCOS. This would make it possible to identify PCOS
patients to whom the dose of 100 mg/day would be offered as of the first cycle. Design: A retrospec-
tive and monocentric study was conducted on 283 women with anovulatory PCOS who required
the use of ovulation induction with CC (903 cycles). Results: During the first cycle of treatment,
104 patients (36.8%) were resistant to 50 mg/day of CC. Univariate regression analysis showed that
patients who resisted 50 mg/day of CC had significantly higher BMI, waist circumference, serum
levels of AMH, total testosterone, ∆4-androstenedione, 17-OHP, and insulin (p < 0.05), compared to
patients ovulating with this dose. Serum levels of SHBG were significantly lower in patients resistant
to 50 mg/day (p < 0.05). After multivariate analysis, only AMH and SHBG remained statistically
significant (p = 0.01 and p = 0.001, respectively). However, areas under the ROC curves were weak
(0.59 and 0.68, respectively). Conclusion: AMH and SHBG are the only two parameters significantly
associated with the risk of resistance to 50 mg/day of CC. However, no satisfactory thresholds have
been established to predict resistance to 50 mg CC.

Keywords: polycystic ovary syndrome; clomiphene citrate; ovulation induction; antimullerian
hormone; sex hormone binding globulin

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women
of childbearing age, with a prevalence ranging from 4% to 21%, depending on the diagnostic
criteria used [1]. The presentation of this syndrome is very heterogeneous, with variable
clinical expression, including usually menstrual cycle disorders, hyperandrogenism, and/or
infertility [2]. Since 2004, the ESHRE/ASRM Rotterdam Consensus criteria are the most
commonly used for the diagnosis of PCOS [3].

PCOS is the mean etiology of infertility due to anovulation [2,4,5]. Clomiphene citrate
(CC) and letrozole are the first-line treatment for ovulation induction in PCOS [4–6]. Both
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CC and letrozole are successful in inducing pregnancy. A recent meta-analysis confirms
a moderate but significant superiority of letrozole over clomiphene citrate [7]. Thus, in
countries where letrozole is off-label for ovulation induction, such as France, CC is used as
a first-line treatment for ovulation induction in PCOS women [6].

CC is a selective modulator of estrogen receptors exerting anti-estrogenic activity at
the hypothalamic level. CC enhances the pulsatile release of GnRH. This will result in an
increase in the secretion of endogenous gonadotropins and especially follicle-stimulating
hormone (FSH) by the anterior pituitary gland, allowing cyclic follicular growth [2,8–10].
The recommended starting dose of CC is 50 mg/day for 5 days. If ovulation is not achieved,
the dose will then be increased by 50 mg/day for 5 days in the next cycle, up to a maximum
dose of 150 mg/day for 5 days [11,12]. As reported by some authors, the ovulation rate
with this treatment can be as high as 75–80% [10,11]. Despite the relatively high efficacy of
CC, approximately 15–40% of patients will not respond to the maximum recommended
dose of 150 mg/day for 5 days and will be considered resistant to this treatment [13–16].

Several studies have investigated factors that may potentially predict CC resistance,
comparing treatment-sensitive patients with those resistant to CC 150 mg/day. Thus,
obesity, insulin resistance, hyperandrogenism, and excess AMH are among the most
common factors associated with CC resistance [4,17–19]. Genetic predisposition would
also play a role in CC resistance [20]. However, all these studies failed to identify clinical,
hormonal, metabolic, or ultrasound factors which could predict with certainty a complete
resistance to CC. Thus, in countries where clomiphene citrate is the only first-line treatment
available for ovulation induction in PCOS women, there is, therefore, no factor that would
make it possible to immediately opt for second-line treatments (ovarian drilling or ovulation
induction with gonadotropins) [4–6]. Therefore, it would be interesting to investigate
clinical, biological, and/or ultrasound factors that may predict resistance to the initial CC
dose of 50 mg/day. Indeed, nearly 1 in 2 women is resistant to 50 mg/day of CC [18,21].
Identifying this or these factor(s) would allow starting the treatment at a higher dose
(100 mg/day) at once. This would save significant time for patients who are resistant to
50 mg/day of CC. Moreover, the fact of being able to achieve pregnancy more quickly
also theoretically limits the risk of having to use second-line treatments: either injectable
gonadotropins or laparoscopic ovarian drilling [4–6]. These two treatments are both more
expensive and more prone to complications (e.g., higher risk of multiple pregnancies with
injectable gonadotropins, requiring rigorous ultrasound and hormonal monitoring, or the
operative and anesthetic risks of ovarian drilling) rather than first-line ovulation inducers
such as clomiphene citrate [5,22]. To our knowledge, no study has investigated this issue.

The main objective of our study was, therefore, to investigate the clinical, biological,
and/or ultrasound parameters which would predict resistance to CC at 50 mg/day in
women with anovulatory PCOS. The secondary objective was to determine the effectiveness
of anovulation management with this ovulation inducer in the whole cohort by trying to
determine the optimal number of initiated cycles and ovulatory cycles to offer to these
PCOS women.

2. Materials and Methods
2.1. Population

This is a retrospective, single-center study conducted between May 2003 and December
2020 in the Reproductive Medicine Department of Lille University Hospital in France. As
this study was retrospective and without intervention, the opinion of the Ethics Committee
on the study was not required. All patients had given prior consent for the use of their
clinical, hormonal, and ultrasound records. On 16 December 2019, the Institutional Review
Board of the Lille University Hospital gave unrestricted approval for the anonymous use of
all patients’ clinical, hormonal, and ultrasound records (reference DEC20150715-0002).

All anovulatory PCOS women treated with a starting dose of CC at 50 mg/day were
included in the study. The diagnosis of PCOS was based on the Rotterdam criteria pub-
lished in 2003 [3]. Two of the following three criteria had to be present for diagnosis:
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(1) Oligo- or anovulation (OA): oligomenorrhea (<8 cycles per year), amenorrhea (absence
of menses > 3 months) or regular anovulatory cycles (menstrual cycles between 26 and
34 days but with no progesterone increase above 3 ng/mL 7 to 8 days before menstrua-
tion [23]); all the women in our study suffer from OA. (2) Clinical hyperandrogenism (HA)
(modified Ferriman and Gallwey score ≥ 7 in our Caucasian population [24] or biological
hyperandrogenism (total testosteronemia ≥ 0.50 ng/mL, as previously described [25,26]).
(3) Ultrasound polycystic ovaries (PCOM): ovarian volume ≥ 10 mL [27,28] and/or ovarian
surface area ≥ 5.5 cm2 [25], and/or FNPO (follicle number per ovary) ≥ 12 from 2003 to
2007 [3,27] (ultrasound scanner: General Electric Logic 400, Milwaukee, equipped with
a 7 MHz endovaginal probe), then FNPO ≥ 19 from 2008 (ultrasound scanner: General
Electric Voluson E8, equipped with a 5 to 9 MHz endovaginal probe) [26]. The presence of
elevated AMH was considered equivalent to the presence of polycystic ovaries on ultra-
sound (serum AMH ≥ 35 pmol/L), as previously reported [26,29,30]. The PCOS phenotype
was then identified for each patient, according to the NIH 2012 extension of the Rotterdam
classification [1], as described above [30]: phenotype A (OA + HA + PCOM), phenotype
B (OA + HA), phenotype D (OA + PCOM). Given our inclusion criteria, phenotype C
(HA + PCOM = ovulatory PCOS) is not present in our population.

The exclusion criteria were women aged under 18 years or over 43 years, other eti-
ologies of hyperandrogenism or dysovulation (hyperprolactinemia, nonclassical adrenal
hyperplasia, organic or functional gonadotropic deficiencies, ovarian or adrenal tumors,
Cushing’s syndrome, thyroid dysfunctions, idiopathic dysovulation, and premature ovar-
ian failure), endometriosis, alterations in tubal permeability, sperm abnormalities. We also
excluded PCOS women with metformin treatment.

Clinical examination, hormonal and metabolic tests, and pelvic ultrasound exam-
ination were performed between the second and the fifth days of the menstrual cycle,
either spontaneous or after a progestin challenge test (dydrogesterone, 10 mg/day for 7 to
10 days).

The clinical examination included a detailed interview, seeking, in particular, to specify
the duration of menstrual cycles (regular cycles, oligomenorrhea, or amenorrhea), BMI
calculation, waist circumference measurement, and assessment of hirsutism according to
the modified Ferriman and Gallwey score [24]. The biological assessment carried out at the
beginning of the follicular phase, between the second and the fifth days of the menstrual
cycle, included measurements of estradiol, LH and FSH, AMH, total testosterone, ∆4-
androstenedione, 17-hydroxy-progesteron, SDHEA, SHBG, TSH, prolactin, and insulin. As
previously described [31–34], estradiol, LH, FSH, total testosterone, ∆4-androstenedione,
17-hydroxy-progesterone, SDHEA, SHBG, and prolactin were measured by immunoassays.
Until January 2016, the AMH assay was performed using the second-generation AMH-
EIA enzyme immunoassay kit from Beckman Coulter Immunotech (manual technique) as
previously described [26,30]. From January 2016, AMH was measured using an automated
method, Access Dxi, marketed by Beckman Coulter. We chose to perform the statistical
analyses considering the values obtained with the AMH-EIA test. The conversion formula
was applied for all AMH values obtained with the Access Dxi test, i.e., for all assays
performed after January 2016: AMH-EIA = (AMH Dxi − 0.44)/0.775 (values expressed in
pmol/L), as previously published [35]. The pelvic ultrasound was performed on the same
day. In addition to the search for uterine or tubal pathologies, a count of antral follicles
(follicles strictly less than 10 mm in diameter) was conducted during this examination.
Antral follicular count (CFA) and follicle number per ovary (FNPO) was performed using
“the Real-time 2D ultrasound” method [36], and ovarian surfaces using a manual ellipse, as
described previously [25]. From 2002 to 2008, the ultrasound machine used was a General
Electric Milwaukee Logic 400, with a 7 MHz endovaginal probe; then, from 2008, a General
Electric Voluson 28, with a 5 to 9 MHz endovaginal probe. A complete infertility work-up
was performed on both members of a couple before considering a CC ovulation induction
treatment. Bilateral tubal patency was checked in the patient by hysterosalpingography
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or laparoscopy. The patient’s partner had to perform at least one spermogram to ensure
compatibility with spontaneous pregnancy.

2.2. Therapeutic

All patients were treated with simple CC ovulation induction therapy. In the first
cycle, the initial dose was 50 mg/day, starting on the second day of a spontaneous cycle or
triggered by sequential treatment with dydrogesterone, 10 mg/day for 7 to 10 days.

The ovarian response was systematically monitored by ovulation ultrasound mon-
itoring, starting around D12 (±1 day), in the Reproductive Medicine Department of
Lille University Hospital (France). No biological assay was performed during follicu-
lar growth monitoring.

The purpose of the ultrasound was to evaluate the response to CC by measuring the
number of selected follicles (≥10 mm) and to measure the endometrial thickness in order
to identify a possible anti-estrogenic effect of CC on the endometrium [37].

The date of ovulation was estimated from the size of the dominant follicle measured
on ultrasound. A progesterone assay was performed approximately 7–8 days after the
estimated date of spontaneous ovulation. A significant increase in progesterone levels
confirms spontaneous ovulation and, thus, a positive response to CC.

2.3. Cycle Outcome

In the absence of menstruation approximately 2 weeks after the estimated date of ovu-
lation, a plasma hCG test was performed. If the blood pregnancy test was positive, a pelvic
ultrasound was performed at about 6 weeks of amenorrhea to ensure that the pregnancy
was ongoing and screen for multiple pregnancies. In the absence of pregnancy, however,
the patient would start a new cycle of CC at the dose at which ovulation was achieved.

In case of the absence of follicular recruitment (confirmed by another ultrasound
examination performed 5 to 7 days after the first), sequential treatment with 10 mg/day
of dydrogesterone for 7 to 10 days was prescribed to induce menstruation. The dosage of
CC was then increased to the next cycle in 50 mg increments, with a maximum dose of
150 mg/day. A maximum of 6 ovulatory cycles with CC was performed for achieving a
clinical pregnancy.

2.4. Response to CC

The response to 50 mg CC was assessed by the presence or absence of ovulation via
ultrasound monitoring and serum progesterone assay. The patient was considered sensitive
to CC if the progesterone level in the second half of the cycle was ≥3 ng/mL. In the absence
of follicular recruitment, the patient was then considered resistant to 50 mg CC.

Excessive responsiveness to CC was defined by the presence of three or more dominant
follicles on ultrasound monitoring.

We have also evaluated the effectiveness of the current strategy of gradually increasing
CC doses in the event of resistance to treatment by calculating the cumulative rates of
progressive pregnancies per cycle initiated and per CC ovulatory cycle.

2.5. Statistical Analysis

Baseline characteristics were compared between the two groups using Chi-square tests
(or Fisher’s exact tests when expected cell frequency was <5) for categorical characteris-
tics and the Student t-test (or Mann−Whitney U test for non-Gaussian distribution) for
continuous characteristics.

To assess the independent predictors of the 50 mg resistance, baseline characteristics
associated with a p < 0.20 in univariate analyses were implemented into a backward-
stepwise multivariable logistic regression model using a removal criterion of p > 0.05.
Results were expressed using Odds ratios (ORs) as effect sizes with 50 mg non-resistance
as reference. Before developing the multivariable models, we examined the log-linearity
assumption for continuous characteristics using restricted cubic spline functions [38],
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as well as the absence of colinearity between candidate predictors by calculating the
variance inflation factors (VIFs). Because of the similarity and collinearity between SHBG
and insulinemia, obesity and BMI, we decided to perform the multivariate model with
SHBG and BMI. To avoid case deletion due to missing data on baseline characteristics and
outcomes, missing data were imputed by multiple imputations using a regression-switching
approach [39] (chained equations with m = 10) also before developing the multivariable
model [39]. The imputation procedure was performed under the missing at random
assumption using all baseline characteristics and study outcomes with a predictive mean
matching method for continuous variables and logistic regression models (binary, ordinal
or multinomial) for categorical variables. Estimates obtained in the different imputed data
sets were combined using Rubin’s rules [40].

Finally, we determined the optimal threshold value of factors associated with 50 mg
resistance in the final models by maximizing the Youden index from the ROC curves.
Statistical testing was conducted at the two-tailed α-level of 0.05. Data were analyzed using
the SAS software version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

A total of 283 patients with anovulatory PCOS were included in the study between May
2003 and December 2019, representing a total of 903 cycles of CC. The clinical, biological,
and ultrasound characteristics of our population are detailed in Table 1.

Table 1. Clinical, biological, and ultrasound characteristics of the population (n = 283).

Variables Values *

Age (years) 27.5 ± 3.7

Menstrual Cycles (%)

Regular anovulatory cycles 17 (5.9%)

Oligomenorrhea 185 (65.5%)

Amenorrhoea 81 (28.6%)

BMI (kg/m2) 25.8 ± 5.4

Waist circumference (cm) 85.2 ± 15.2

Modified Ferriman and Gallwey Score 5.0 (0 to 9.0)

Estradiol (pg/mL) 37.0 (28.0 to 50.0)

FSH (IU/L) 5.0 ± 1.3

LH (IU/L) 5.9 (4.0 to 9.1)

AMH (pmol/L) 71.8 (53.6 to 107.4)

Total testosterone (ng/mL) 0.4 ± 0.2

∆4-androstenedione (ng/mL) 1.6 (1.2 to 2.2)

17-OHP (ng/mL) 0.6 (0.5 to 0.9)

SHBG (nmol/L) 38.4 (24.0 to 49.8)

SDHEA (µmol/L) 4.6 (3.4 to 6.4)

Fasting insulin (mUI/L) 6.0 (3.1 to 9.8)

Mean ovarian surface (cm2) 5.7 ± 1.6

PCOM and/or elevated AMH 280 (99%)

Phenotype PCOS (%)

A = OA + HA + PCOM 225 (79.5%)

B = OA + HA 3 (1.0%)

D = OA + PCOM 55 (19.5%)
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Table 1. Cont.

Variables Values *

Mean number of CC cycles 3.2 ± 1.7

Mean number of CC ovulatory cycles 2.3 ± 1.5
* Qualitative variables are expressed as numbers (percentages). * Quantitative variables are expressed
as mean ± standard deviation or median (inter-quartile range). Abbreviations: BMI = body mass index;
FSH = Follicle Stimulating Hormone; LH = Luteinizing Hormone; AMH = Anti-Müllerian Hormone; 17-OHP = 17-
hydroxy-progesterone; SHBG = Sex Hormone Binding Globulin; OA = Oligo or anovulation; HA = Hyperandro-
genism; PCOM = Ultrasound polycystic ovaries; CC = Clomiphene Citrate.

Figure 1 illustrates the distribution of anovulatory PCOS women who do or do not
ovulate after CC induction of ovulation in incremental daily doses of 50, 100, or 150 mg
for 5 subsequent days. A total of 161 patients (56.9%) ovulated during the first cycle of CC
treatment at 50 mg/day. Therefore, 122 patients (43.1%) were resistant to 50 mg/day of
CC during the first cycle of treatment. Otherwise, 24 patients (8.5%) were hyperresponsive
during the first cycle of CC at 50 mg/day. Finally, 49 patients (17.3%) were also resistant to
the dose of 100 mg/day, and 13 patients (4.6%) were resistant to the dose of 150 mg/day.
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Figure 1. Distribution of anovulatory PCOS women who do or do not ovulate after CC induction of
ovulation in incremental daily doses of 50, 100, or 150 mg for 5 subsequent days.

Figure 2 shows the cumulative clinical pregnancy rates per CC-initiated cycle and per
CC ovulatory cycle at 50, 100, and 150 mg per day.

To investigate predictors of resistance to 50 mg CC in the first cycle of treatment,
univariate regression analysis was performed to compare the clinical, biological, and
ultrasound characteristics of patients sensitive to 50 mg CC versus those resistant to this
dose. The results of the univariate regression analysis are presented in Table 2. Compared
to patients ovulating at the 50 mg dose of CC in the first cycle, patients who were resistant
to this same dose had significantly higher BMI, waist circumference, serum levels of AMH,
total testosterone, ∆4-androstenedione, 17-OHP, and insulin. In contrast, serum levels of
SHBG were significantly lower in patients resistant to 50 mg/day.
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Table 2. Factors associated with resistance to 50 mg CC in the first cycle of treatment in
univariate analyzes.

Sensitive to 50 mg
(n = 179)

Resistant to 50 mg
(n = 104) p Value

Age (years) 27.7 ± 3.8 27.0 ± 3.6 0.12

Menstrual cycles (%)

Regular anovulatory cycles 14 (7.8%) 3 (2.9%)

0.12Oligomenorrhea 119 (66.7%) 66 (63.5%)

Amenorrhoea 46 (25.5%) 35 (33.6%)

BMI (kg/m2) 24.9 ± 5.2 27.1 ± 5.4 0.001

Waist circumference (cm) 83.4 ± 15.8 88.3 ± 13.7 0.028

Modified Ferriman and Gallwey Score 5.0 (0 to 9.0) 3.0 (0 to 9.0) 0.90

Estradiol (pg/mL) 37.0 (28.0 to 49.5) 39.0 (28.0 to 50.0) 0.87

FSH (IU/L) 5.01 ± 1.4 4.9 ± 1.1 0.48

LH (IU/L) 5.7 (3.9 to 8.9) 6.2 (4.2 to 9.2) 0.33

AMH (pmol/L) 69.4 (51.6 to 101.2) 89.5 (56.0 to 130.0) 0.014

Total testosterone (ng/mL) 0.4 ± 0.2 0.4 ± 0.2 0.046

∆4-androstenedione (ng/mL) 1.5 (1.1 to 2.1) 1.7 (1.3 to 2.3) 0.023

17-OHP (ng/mL) 0.6 (0.4 to 0.9) 0.7 (0.5 to 0.9) 0.046

SHBG (nmol/L) 39.6 (28.7 to 53.7) 27.2 (18.0 to 40.5) <0.001

SDHEA (µmol/L) 4.4 (3.0 to 6.4) 4.8 (3.6 to 6.2) 0.43
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Table 2. Cont.

Sensitive to 50 mg
(n = 179)

Resistant to 50 mg
(n = 104) p Value

Fasting insulin (mUI/L) 4.5 (2.9 to 7.1) 7.9 (3.9 to 11.6) 0.002

Mean ovarian surface (cm2) 5.7 ± 1.7 5.9 ± 1.5 0.42

PCOS anovulatory phenotypes (%)
A + B 142 (79.3%) 86 (82.7%)

0.48
D 37 (20.7%) 18 (17.3%)

Qualitative variables are expressed as numbers (percentages). Quantitative variables are expressed as
mean ± standard deviation or median (inter-quartile range). Abbreviations: BMI = body mass index;
FSH = Follicle Stimulating Hormone; LH = Luteinizing Hormone; AMH = Anti-Müllerian Hormone;
17-OHP = 17-hydroxy-progesterone; SHBG = Sex Hormone Binding Globulin; OA = Oligo or anovulation;
HA = Hyperandrogenism; PCOM = Ultrasound polycystic ovaries; CC = Clomiphene Citrate.

Table 3 shows the final model from the multivariate analysis. After multivariate
analysis, higher levels of AMH and lower levels of SHBG were statistically associated with
a higher risk of resistance at the dose of 50 mg/day of CC (OR = 1.08, 95% CI 1.03 to 1.14)
and OR = 0.96, 95% CI 0.94 to 0.99, respectively).

Table 3. Independent factors of resistance to 50 mg CC in the first cycle of treatment after
multivariate analysis.

Parameters OR (95% CI) p

AMH (pmol/L) 1.08 (1.03 to 1.14) * 0.002

SHBG (nmol/L) 0.96 (0.94 to 0.99) 0.002
Baseline characteristics associated with a p < 0.20 in univariate analyses (Table 2) were implemented into a
backward-stepwise multivariable logistic regression model using a removal criterion of p > 0.05. Results were
expressed using Odds ratios (ORs) as effect sizes with 50 mg non-resistance as reference. * OR expressed
for the increase of 10 AMH units. Abbreviations: AMH = Anti-Müllerian Hormone; SHBG = Sex Hormone
Binding Globulin.

We, therefore, sought to establish thresholds for AMH and SHBG that would poten-
tially predict resistance to the 50 mg CC dose in the first cycle of treatment. ROC curves
were produced for this purpose. These ROC curves are shown in Figure 3.

Finally, we estimated expected ovulation rates in the first cycle of ovulation induction
by CC at the 50 mg/day dose according to the AMH thresholds, the SHBG thresholds,
and the AMH and SHBG thresholds when these dosages are combined. The results are
presented in Table 4.

Table 4. Predicted ovulation rates in the first cycle of ovulation induction by CC at 50 mg/day, based
on the AMH threshold, the SHBG threshold, and the combined AMH and SHBG thresholds.

No Ovulation Ovulation

AMH tested alone
AMH > 86.1 pmol/L 46.12% 53.88%

AMH < 86.1 pmol/L 29.86% 70.14%

SHBG tested alone
SHBG < 28.3 nmol/L 53,72% 46.28%

SHBG > 28.3 nmol/L 27.93% 72.07%

AMH and SHBG combined

AMH > 86.1 pmol/L
SHBG < 28.3 nmol/L 46.67% 53.33%

AMH < 86.1 pmol/L
SHBG > 28.3 nmol/L 19.42% 80.58%
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4. Discussion

CC is an effective ovulation-inducing treatment for women with anovulatory PCOS,
as highlighted by the good cumulative clinical pregnancy rates per ovulatory cycle in our
study. However, in view of the stagnation of clinical pregnancy rates between rank 4 and
rank 6, it seems wise not to continue this treatment beyond 4 consecutive ovulatory cycles.
In addition, about a third of women will not respond to the 50 mg dose of CC. Thus, it
could be of interest to identify women who present risk factors for resistance to the 50 mg
dose of CC to accelerate the onset of clinical pregnancy. Indeed, it would then be relevant
to immediately offer a dose of 100 mg/day of CC to these PCOS patients from the first
cycle of ovulation induction.

Our study shows that AMH and SHBG appear to be predictive factors for resistance to
50 mg CC during the first cycle of ovulation induction in patients with anovulatory PCOS.
Nevertheless, we failed to identify thresholds for both AMH and SHBG, which could be
used to predict resistance to 50 mg CC, and thus, to initiate treatment at 100 mg/day.

To our knowledge, this is the first study to investigate predictive factors of resistance
to 50 mg CC in the first cycle of ovulation induction in PCOS women. However, many
authors have focused on predictors of resistance to 150 mg/day CC. Among these factors,
AMH is a parameter frequently cited as a predictor of response to CC. Xi et al. [21] and
Mahran et al. [41] consider AMH a good marker of CC response. According to Xi et al. [21],
patients with a high AMH level, particularly above 55.5 pmol/L, have a significantly
reduced chance of ovulation under CC. According to Mahran et al. [41], the AMH level
may help determine the initial CC dose: the higher the AMH level, the greater the initial
CC dose should be, with a proposed threshold of 24.3 pmol/L.

As AMH is produced in greater quantities in women with PCOS, its inhibitory action
on FSH is therefore more pronounced [32,34,42–44]. This may explain the results of our
study, which indicate that as serum AMH levels increase, the patient is more likely to be
resistant to the initial 50 mg CC dose. The higher the AMH, the greater the doses of FSH
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required to achieve follicular growth and ovulation. This is in agreement with the results
of Köninger et al. [45], suggesting that in CC-resistant women receiving recombinant FSH
ovulation stimulation, the higher the patient’s serum AMH level, the greater the doses
of FSH required to achieve ovulation. Unfortunately, it was not possible to establish an
AMH threshold predictive of resistance at the initial 50 mg CC dose. The selected AMH
cut-off was 86.7 pmol/L, but sensitivity and specificity were not satisfactory for clinical
application (65.5% and 52%, respectively). The AMH thresholds proposed in the literature
to predict total resistance to CC (150 mg/day dose) are highly variable (from 24.3 pmol/L
to 88.4 pmol/L) with no satisfactory relative sensitivities and specificities [21,41,46–48].
In addition, some authors found no significant difference in serum AMH levels between
women ovulating on CC versus those resistant to treatment [49]. The latter explained the
difference between these results and those of other teams by the difference in the AMH
assay kits used in the different studies, which have different sensitivities. Indeed, there
are several AMH test kits around the world, which makes the use of this test difficult to
generalize [35,43].

A recent retrospective study has shown that in phenotype B of PCOS, ovarian volume
did not have any predictive value of the dosage of CC required to induce ovulation [50].
This study is very interesting, but our population contains very few PCOS with phenotype
B. In fact, as we have published previously, using AMH as a biological equivalent of PCOM,
there are very few women with phenotype B of PCOS in our population [30]. Finally, to
our knowledge, there are no studies demonstrating a clear statistical correlation between
ovarian volume and serum AMH levels.

Furthermore, SHBG also appears to be a statistically significant parameter in the
multivariate analysis of our study. The lower the SHBG, the greater the risk of resisting the
dose of 50 mg/day of CC. Patients with confounding factors that may induce a decrease in
SHBG, such as hypothyroidism, were excluded from our study. However, as with AMH,
it was not possible to establish a satisfactory threshold for SHBG that would allow us to
specify a starting dose of 100 mg CC. The selected cut-off of 28.3 nmol/L (sensitivity of
77% and specificity of 53%) is not useful in clinical practice. SHBG is a plasma transport
glycoprotein produced by liver cells, whose role is to regulate the bioavailability of sex
steroid hormones [51]. Abnormally low levels of SHBG are frequently observed in women
with PCOS (especially in women with android obesity) and contribute to the symptoms
of clinical hyperandrogenism observed in these patients by increasing the bioavailable
(and therefore bioactive) fraction of circulating androgens (hirsutism, acne, androgenic
alopecia) [52,53]. A low serum level of SHBG is considered a marker of insulin resistance
(inhibition of hepatic synthesis of SHBG due to compensatory hyperinsulinism). A recent
meta-analysis highlights the correlation between SHBG and metabolic dysregulation in
PCOS women [54]. According to this meta-analysis, women with PCOS with low levels of
SHBG were more likely to suffer from hyperandrogenism, insulin resistance, carbohydrate
intolerance, type 2 diabetes, obesity, and cardiovascular disease. Therefore, the data in
the literature, as well as the results of our study, demonstrate that a complete metabolic
assessment and management of obesity are crucial before treatment in women with PCOS,
both for the success of treatment and for the prevention of long-term complications. A
recent prospective study indicates that women with more disturbed metabolic parameters
were at greater risk of resistance to clomiphene citrate, even when the dose was increased
to 150 mg/day for 5 consecutive days [55]. The meta-analysis by Deswal et al. [54] indicates
that insulin-sensitizing agents, such as myo-inositol or metformin, can significantly improve
the levels of SHBG in PCOS women. Moreover, several randomized clinical trials have
shown a significant improvement in ovulation rates in women using the combination of
metformin and CC compared to CC alone, although this probably applies more to PCOS
women with insulin resistance [5].

The response to CC, used as a treatment for dysovulation in PCOS women, is therefore
variable from woman to woman. Since there are no factors that can safely predict the
response or not to CC at this time, some authors have suggested a genetic predisposition
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to explain resistance to treatment. Indeed, CC is metabolized primarily in the liver by
cytochrome P450 2D6 (CYP2D6), and to a lesser extent, by cytochromes P450 3A4 and P450
3A5 [56–58]. CYP2D6 has a large genetic polymorphism responsible for several different
metabolic profiles [59]. The impact of the genetic polymorphism of CYP2D6 on the clinical
efficacy of clomiphene citrate is still controversial [56–61].

The main limitation of our study is its retrospective nature. The AMH assay was
modified in 2016, but we applied a conversion formula for all assays performed after
January 2016, thus homogenizing the results and avoiding any measurement bias [35].
Similarly, the ultrasound probe used for the pretherapeutic assessment and, therefore,
for the evaluation of the AFC/FNPO was replaced in 2008. Therefore, we decided not
to consider AFC/FNPO in the statistical analyses, preferring AMH levels, as previously
demonstrated [26,30]. Indeed, the evaluation of AFC/FNPO is operator dependent and
can evolve over time with the technical progress of ultrasound probes [28,36], unlike a
biological assay such as the AMH assay, which is more reproducible [42,43].

To our knowledge, this study is the largest cohort of anovulatory PCOS patients
treated with CC described in the literature and the only one which tries to investigate
predictors of resistance to ovulation induction by CC initiated at 50 mg/day. The main
strength of our study is, therefore, the large number of patients included. In addition, in
this monocentric study, the diagnosis of PCOS and the procedure for monitoring ovulation
during CC treatment were standardized. Our results suggest that AMH and SHBG are the
only two parameters significantly associated with the risk of resistance to 50 mg/day of
CC. However, no cut-off with satisfactory sensitivity and specificity could be established,
both for AMH and SHBG, to predict resistance to 50 mg CC.
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