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ABSTRACT

Introduction: For high responders with poly-
cystic ovary syndrome (PCOS), there is no clear
recommendation for the initial follicle-stimu-
lating hormone (FSH) dosage to ensure an

optimal number of retrieved oocytes and avoid
ovarian hyperstimulation syndrome (OHSS).
The aim of this study was to determine the ideal
initial FSH dosage of in patients with PCOS
undergoing in vitro fertilization (IVF)/intracy-
toplasmic sperm injection (ICSI) using the
gonadotropin-releasing hormone antagonist
(GnRH-ant) protocol to obtain the optimal
number of retrieved oocytes and minimize the
risk of OHSS.
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Methods: The data of 1898 patients with PCOS
aged 20–40 years from January 2017 to Decem-
ber 2020 were retrospectively analyzed to
explore the factors related to the number of
retrieved oocytes. Statistically significant vari-
ables were used to construct a dose nomogram
and it was then validated using an independent
cohort of patients with PCOS from January
2021 to December 2021.
Results: Multivariate analyses demonstrated
that body mass index (BMI) was the most sig-
nificant factor to predict the number of
retrieved oocytes compared to body weight
(BW) and body surface area (BSA). Among
patients with PCOS aged 20–40 years undergo-
ing their first IVF cycles with the GnRH-ant
protocol, age was not a significant predictor of
the initial FSH dosage. We developed a nomo-
gram based on BMI, basal FSH, basal luteinizing
hormone (bLH), anti-Müllerian hormone
(AMH), and antral follicle count (AFC) to cal-
culate the ideal initial FSH dosage for patients
with PCOS undergoing IVF/ICSI using the
GnRH-ant protocol. In addition, low BMI and
high bLH and AMH levels and AFC appear to be
risk factors for OHSS.
Conclusions: We clearly demonstrated that the
initial FSH dosage for patients with PCOS
undergoing IVF/ICSI with the GnRH-ant pro-
tocol may be calculated on the basis of the
woman’s BMI and ovarian reserve markers. The
nomogram will help guide clinicians in the
selection of the most appropriate initial FSH
dose in the future.

Keywords: Polycystic ovary syndrome; In vitro
fertilization; Initial FSH dosage; GnRH-ant
protocol; Nomogram

Key Summary Points

Why carry out the study?

The aim of this study was to determine the
ideal initial FSH dosage of in patients with
PCOS undergoing IVF/ICSI with GnRH-
ant protocol to obtain the optimal
number of retrieved oocytes and minimize
the risk of OHSS

What was learned from the study?

BMI was the most significant factor to
predict the number of retrieved oocytes
compared to BW and BSA

Age was not a significant predictor of the
initial FSH dosage among patients with
PCOS aged 20–40 years undergoing their
first IVF cycles with the GnRH-ant
protocol

A nomogram based on BMI, basal FSH,
basal LH, AMH, and AFC was developed to
calculate the ideal initial FSH dosage for
patients with PCOS undergoing IVF/ICSI
using the GnRH-ant protocol

A low BMI, high basal LH and AMH levels,
and a high AFC appear to be risk factors
for ovarian hyperstimulation syndrome

INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most
common reproductive endocrine and metabolic
disorder among women and affects 5–18%
thereof [1–4]. The clinical presentation of PCOS
is highly heterogeneous [5]. Approximately,
15–20% of infertile women suffer from PCOS
[6], and it is reportedly the leading cause of
anovulatory infertility in 80% of patients [7].

In vitro fertilization (IVF)/intracytoplasmic
sperm injection (ICSI)-embryo transfer is an
effective treatment for patients with PCOS
having fertility desires who have not become
pregnant after receiving ovulation stimulation
with clomiphene citrate/letrozole or who have
combined tubal and/or male factor infertility
[8]. The gonadotropin-releasing hormone
antagonist (GnRH-ant) protocol is preferred for
women with PCOS because of its short ovarian
stimulation time, reduced treatment dosage,
and low incidence of ovarian hyperstimulation
syndrome (OHSS) [9, 10]. A lower starting
dosage of follicle-stimulating hormone (FSH)
results in poor follicle growth, significantly
reduced number of retrieved oocytes, and sig-
nificantly higher cycle cancellation rates.
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However, a higher initial FSH dosage greatly
increases the risk of an excessive response and
OHSS, and high levels of estradiol may also
affect endometrial receptivity. Therefore, an
appropriate starting dosage of FSH is thought to
improve IVF/ICSI clinical outcomes in patients
with PCOS. On the basis of existing domestic
and foreign evidence, 15 retrieved oocytes
maximizes the live birth rate during fresh
embryo transfer [11–15]. As stated in a recent
meta-analysis, 15 oocytes was the most com-
mon suggestion to be the optimal number of
oocytes at which fresh live birth seems to be
maximized [16]. Steward et al. found that more
than 15 retrieved oocytes are the best predictor
of OHSS risk with an analysis of 256,381 cycles
[12]. Thus, we considered 15 retrieved oocytes
to be the optimal oocyte yield to both maximize
the live birth rate of fresh embryo transfer and
minimize the risk of OHSS.

Clinicians commonly determine the initial
FSH dosage according to age, individual body
weight (BW), body mass index (BMI), ovarian
response to previous IVF cycles, and markers of
ovarian reserve including FSH, anti-Müllerian
hormone (AMH), and antral follicle count (AFC)
[17–23]. Few researchers proposed models to
calculate the most appropriate starting FSH
dosage in IVF cycles with a long GnRH agonist
protocol based on patient age, basal FSH level,
and AFC or AMH level to help patients achieve
an optimal response [24–26]. The aim of the
present retrospective analysis was to identify
the factors that affect the number of retrieved
oocytes and to develop a dose nomogram to
suggest the appropriate initial FSH dosage for
women with PCOS undergoing their first IVF/
ICSI cycles with the GnRH-ant protocol.

METHODS

Study Population

Women with PCOS who underwent their first,
fresh IVF/ICSI-ET cycles from January 2017 to
December 2021 at the Reproductive Center of
Peking University Third Hospital were evalu-
ated. Patient data and information on cycles
were extracted from the electronic record

system and medical records. In the primary
cohort, 1898 patients that were treated from
2007 to 2020 were assigned to the training
group and used to develop the nomogram
model. An independent cohort of 593 patients
treated from 2020 to 2021 were assigned to the
testing group and used to validate the model.
This study was approved by the Ethics Com-
mittee of Reproductive Medicine at Peking
University Third Hospital (No. 2021SZ-011).
The study was conducted in accordance with
the 1964 Declaration of Helsinki and its later
amendments. Written informed consent was
obtained from the patients for the IVF proce-
dure and to record and use their clinically rele-
vant information for research purposes.

Inclusion Criteria

The inclusion criteria were as follows: (1)
reproductive-age women between 20 and
40 years old; (2) women with a PCOS diagnosis
according to the revised 2003 Rotterdam diag-
nostic criteria, meeting at least two of the three
criteria—oligo- and/or anovulation, clinical
and/or biochemical signs of hyperandrogenism
(androstenedione[11.5 nmol/L, testos-
terone[ 2.53 nmol/L used in our center), and
polycystic ovaries (C 12 follicles per ovary)—
with the exclusion of other etiologies (congen-
ital adrenal hyperplasia, androgen-secreting
tumors, Cushing’s syndrome); (3) women
undergoing their first IVF/ICSI cycle; (4) women
undergoing controlled ovarian stimulation
treatment with the GnRH-ant protocol; and (5)
women with complete patient information on
clinical and IVF cycle characteristics.

Exclusion Criteria

The exclusion criteria were as follows: (1)
chromosomal abnormality in one member of
the couple; (2) diseases or surgeries of the
ovaries, such as endometriotic cysts of the
ovary, ovarian tumor, ovarian drilling, or his-
tory of ovarian cyst or tumor removal surgery;
and (3) in vitro maturation cycles.
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GnRH-Ant Protocol

Gonadotropin (Gn, FSH in this study) was
injected daily beginning on the second or third
day of the menstrual cycle. Transvaginal ultra-
sound will be done from the fifth day of ovarian
stimulation to monitor the development of the
ovarian follicles to adjust the dose of medica-
tion according to the ovarian response. There
were two options for the timing of GnRH-ant
administration: (1) a fixed dosing regimen, in
which an antagonist was added on the fifth to
seventh days after Gn administration; and (2) a
flexible dosing regimen, in which the antago-
nist was added when the dominant follicle
reached 12 mm in diameter until the trigger
day. Patients with PCOS with a high risk of
OHSS from GnRH-ant cycles were commonly
administered GnRH-a (0.2 mg) as a trigger or in
combination with low-dose hCG when at least
three follicles were larger than 17 mm in
diameter. Recombinant urinary human chori-
onic gonadotropin (hCG) was injected only in
those patients with a lower risk of OHSS. Oocyte
retrieval was performed after 36–38 h.

Statistical Analysis

All statistical analyses were performed using the
IBM SPSS software (version 25.0, IBM SPSS Inc.,
Chicago, IL). Continuous variables are expres-
sed as mean and standard deviation (SD). Cat-
egorical variables are presented as frequencies
and percentages. Body surface area (BSA) was
calculated using Stevenson’s formula for Chi-
nese women as follows:

BSA ¼ 0:0073 � height þ 0:0127
� weight �0:2106.

Univariate and multivariate analyses were
performed to assess risk factors for the number
of retrieved oocytes using general and multiple
linear regression models. Regression coefficients
or partial regression coefficients (b) and 95%
confidence intervals (CIs) were used to estimate
the effects on the number of retrieved oocytes.
We established a multiple regression model
using retrieved oocyte numbers, initial FSH
dosage, and other factors influencing the

number of retrieved oocytes. Stepwise
backward selection using p values was applied
to the multiple regression model for variable
selection. To estimate the ideal initial FSH
dosage, we set the optimal number of retrieved
oocytes as 15. Furthermore, we analyzed the
difference between the actual and ideal initial
FSH dosages among different oocyte retrieval
groups using a t test. Statistical significance was
considered at p\0.05.

RESULTS

Population Characteristics

We included 2491 patients with PCOS who had
undergone IVF/ICSI cycles with the GnRH-ant
protocol from January 2017 to December 2021
(Fig. 1). Patient and IVF cycle characteristics are
summarized in Table 1 including 1898 patients
in training set and 593 patients in testing set.
The majority of patients with PCOS in this
study were under 35 years of age (89.4% and
88.0%, respectively). Almost half of the popu-
lation were overweight (BMI 24–28 kg/m2) and
obese (BMI C 28 kg/m2). The mean numbers of
retrieved oocytes were 17.31 ± 9.88 (range
1–76) and 17.67 ± 9.88 (range 1–77) in the
training set and testing set, respectively. More
than half of patients underwent frozen embryo
transfer (57.2% and 65.1%, respectively).

Factors Associated with Number
of Retrieved Oocytes

A linear regression model was constructed to
identify the factors that affected the number of
retrieved oocytes (Table 2). This study first
compared three indicators, namely BW, BMI,
and BSA, and determined which was the best
indicator for calculating the initial FSH dosage
for patients with PCOS undergoing IVF/ICSI
with the GnRH-ant protocol. Model 1 showed
that the independent variables BW, BMI, and
BSA were all significantly related to the number
of retrieved oocytes. After adjustments for age,
type of infertility, infertility duration, parity,
basal FSH (bFSH) level, basal LH (bLH) level,
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AMH level, AFC, initial FSH dosage, duration of
stimulation, total Gn dosage, serum estrogen,
LH, and progesterone on the trigger day, only
BMI was significantly related to the number of
retrieved oocytes (p = 0.007) (Table 2). There-
fore, BMI was regarded as the most significant
predictor of the number of retrieved oocytes
compared to BW and BSA and was subsequently
chosen to develop the initial FSH dosage
nomogram.

As listed in Table 3, independent variables,
including age, parity, BMI, bFSH level, bLH
level, AMH level, and AFC, significantly pre-
dicted the number of retrieved oocytes. Age,
parity, BMI, and bFSH were negatively corre-
lated with oocyte number, whereas bLH, AMH
levels and AFC were positively correlated.
However, in multivariate analysis, age and par-
ity were no longer significant. Furthermore, we
divided the age group into\ 35 and C 35 years,
and age group was still not an significant inde-
pendent factor in the multivariate analysis
(p = 0.510) (Supplementary Table 1). Finally,

BMI, bFSH level, bLH level, AMH level, and AFC
were included in the equation to calculate the
initial FSH dosage.

Nomogram for Initial FSH Dosage

The model presented in Table 4 was used to
develop the initial FSH dosage nomogram to
achieve the desired number of retrieved
oocytes. According to this model, the initial
FSH dosage for PCOS depends mainly on BMI
and ovarian reserve markers, including bFSH,
bLH, and AMH levels and AFC (Fig. 2).

To test the utility of this nomogram, we
applied this model to the same population and
another independent cohort stratified by the
number of retrieved oocytes (Fig. 3a, b). The
lowest initial FSH dosage was set at 112.5 IU/day
for women with PCOS to prevent the absence of
follicle growth and cycle cancellation in clinical
practice. Among patients with 15 retrieved
oocytes, our predicted FSH dosage was almost

Fig. 1 Flowchart of patient selection
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Table 1 Patient and IVF cycle characteristics of training set and testing set

Characteristics Training set (n = 1898) Testing set (n = 593) p value

Age (years) 30.10 ± 3.48 30.60 ± 3.42 0.869

\ 35 1697 (89.4%) 522 (88.0%) 0.346

C 35 201 (10.6%) 71 (12.0%)

Type of infertility

Primary 1326 (69.9%) 410 (69.1%) 0.738

Secondary 572 (30.1%) 183 (30.9%)

Infertility duration (years) 3.56 ± 2.39 3.53 ± 2.38 0.638

Parity

No 1845 (97.2%) 566 (95.4%) 0.034

Yes 53 (2.8%) 27 (4.6%)

BW (kg) 64.17 ± 10.77 64.13 ± 10.89 0.419

BMI (kg/m2) 24.50 ± 3.97 24.53 ± 3.93 0.793

\ 24 940 (49.5%) 296 (49.9%) 0.547

24–28 595 (31.3%) 174 (29.3%)

C 28 363 (19.1%) 123 (20.7%)

BSA 1.79 ± 0.15 1.78 ± 0.15 0.393

bFSH (IU/L) 6.00 ± 1.69 5.24 ± 1.32 \ 0.001

bLH (IU/L) 5.87 ± 3.50 4.83 ± 2.90 \ 0.001

AMH (ng/ml) 8.53 ± 4.92 8.45 ± 4.52 0.029

AFC (n) 24.74 ± 5.81 25.35 ± 6.82 \ 0.001

Initial FSH dosage (IU/day) 146.28 ± 31.35 141.57 ± 25.16 0.002

Duration of stimulation (days) 10.52 ± 2.26 10.50 ± 2.29 0.675

Total Gn dosage (IU) 1819.95 ± 813.23 1731.74 ± 814.18 0.206

Serum estrogen on the trigger day (ng/mL) 3.48 ± 2.15 4.1 ± 2.68 \ 0.001

Serum LH on the trigger day (mIU/mL) 2.84 ± 2.96 2.74 ± 2.87 0.701

Serum progesterone on the trigger day (nmol/L) 2.23 ± 1.28 2.28 ± 1.67 \ 0.001

Number of retrieved oocytes (n) 17.31 ± 9.88 17.67 ± 10.33 0.521

Transfer strategy

Fresh embryos transfer 812 (42.8%) 207 (34.9%) 0.001

Frozen embryos transfer 1086 (57.2%) 386 (65.1%)

Continuous variables are expressed as mean ± SD; categorical variables are expressed as percentages
IVF in vitro fertilization, BW body weight, BMI body mass index, BSA body surface area, bFSH basal follicle-stimulating
hormone, bLH basal luteinizing hormone, AMH anti-Müllerian hormone, AFC antral follicle count, Gn gonadotropin
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the same as the actual dosage. When the num-
ber of retrieved oocytes was less than 15, the
actual dosage was significantly lower than the
predicted dosage. Similarly, when the number
of retrieved oocytes exceeded 15, the actual
dosage was significantly higher than the pre-
dicted dosage. These results further verify the
reliability of the proposed model.

Considering the notable effect of BMI on the
calculation of the initial FSH dosage, we divided

the population into normal-weight (\24 kg/
m2), overweight (24–28 kg/m2), and obese
(C 28 kg/m2) groups according to the guidelines
for the prevention and control of overweight
and obesity in Chinese adults [27, 28]. As shown
in Fig. 3c, the predicted initial dose of FSH was
positively correlated with BMI. A total of 34.7%
of obese patients with PCOS had a predicted
dosage greater than 225 IU/day, while the per-
centages of normal-weight and overweight

Table 2 Analysis of the factors associated with the number of retrieved oocytes

Variables Model 1 Model 2*

b (95% CIs) p value b (95% CIs) p value

BW (kg) - 0.156 (- 0.197, - 0.115) \ 0.001 NA

BMI (kg/m2) - 0.490 (- 0.600, - 0.380) \ 0.001 - 0.125 (- 0.216, - 0.034) 0.007

BSA - 9.191 (- 12.106, - 6.277) \ 0.001 NA

BW body weight, BMI body mass index, BSA body surface area, NA not applicable
*Adjusted for age, type of infertility, infertility duration, parity, basal FSH level, basal LH level, AMH level, AFC, initial
FSH dosage, duration of stimulation, total Gn dosage, and serum estrogen, LH, and progesterone levels on the trigger day

Table 3 Univariate and multivariate analyses of the factors associated with the number of retrieved oocytes

Characteristics Univariate analysis Multivariate analysis

b (95% CIs) p value b (95% CIs) p value

Age (years) - 0.151 (- 0.279, - 0.023) 0.021 - 0.047 (- 0.166, 0.073) 0.446

Type of infertility

Primary Reference

Secondary 0.292 (- 0.678, 1.261) 0.556 –

Infertility duration (years) - 0.111 (- 0.297, 0.076) 0.244 –

Parity

No Reference

Yes - 3.522 (- 6.218, - 0.826) 0.010 - 2.451 (- 4.955, 0.053) 0.055

BMI (kg/m2) - 0.490 (- 0.600, - 0.380) \ 0.001 - 0.382 (- 0.490, - 0.275) \ 0.001

bFSH (IU/L) - 1.131 (- 1.390, - 0.872) \ 0.001 - 1.268 (- 1.528, - 1.008) \ 0.001

bLH (IU/L) 0.291 (0.164, 0.417) \ 0.001 0.274 (0.145, 0.402) \ 0.001

AMH (ng/mL) 0.563 (0.476, 0.649) \ 0.001 0.414 (0.326, 0.503) \ 0.001

AFC (n) 0.159 (0.083, 0.235) \ 0.001 0.076 (0.004, 0.147) 0.039

BMI body mass index, bFSH basal follicle-stimulating hormone, bLH basal luteinizing hormone, AMH anti-Müllerian
hormone, AFC antral follicle count
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patients with this predicted dosage were 1.8%
and 8.7%, respectively. In addition, 89.5% of
patients with normal weight had a predicted
dosage of less than 150 IU/day.

Risk Factors Associated
with Moderate–Severe OHSS

Patients with PCOS are at a high risk of devel-
oping OHSS. OHSS, a potentially lethal iatro-
genic complication of ovarian stimulation,
could be classified into mild, moderate, and
severe according to its severity [29]. Most cases
of OHSS are mild and self-limited with mild
abdominal distension/discomfort, mild nausea/
vomiting, mild dyspnea, and diarrhea due to
enlarged ovaries [30]. Moderate-to-severe OHSS,
which is characterized by a further increase in
vascular permeability resulting in a loss of pro-
tein-rich fluid, ascites, hydrothorax, and
hemoconcentration, affects 2–5% of patients
with IVF cycles [29, 31, 32]. On the basis of the
independent variables involved in the nomo-
gram, we analyzed and compared the charac-
teristics of patients hospitalized for moderate-
to-severe OHSS (n = 43) and those with the
number of retrieved oocytes exceeding 20
(n = 866) in this cohort. As shown in Table 5,
the average levels of bLH and AMH and AFC
were higher than the average levels in the total

PCOS population in this study, while the aver-
age BMI values were lower than those in the
total PCOS population. The proportion of all
patients with PCOS who were lean or had nor-
mal weight was about 50%, while the propor-
tion of patients hospitalized for moderate-to-
severe OHSS and those with the number of
retrieved oocytes exceeding 20 were 60.5% and
58.9%, respectively. A low BMI, high levels of
bLH and AMH, and a high AFC appeared to be
risk factors for OHSS.

DISCUSSION

Multivariate analyses demonstrated that BMI
was the most significant reference to predict the
number of retrieved oocytes compared to BW
and BSA. In addition, among patients with
PCOS aged 20–40 years undergoing their first
IVF cycles with the GnRH-ant protocol, age was
not a significant predictor of the initial FSH
dosage. We developed a nomogram based on
BMI, bFSH, bLH, and AMH levels, and AFC to
calculate the ideal initial FSH dosage for
patients with PCOS undergoing IVF/ICSI using
the GnRH-ant protocol. In addition, a low BMI,
high bLH and AMH levels, and a high AFC
appear to be risk factors for OHSS.

In assisted reproductive technology cycles,
exogenous FSH induces multiple follicular
growths among women for whom the FSH
sensitivity threshold is exceeded [33]. However,
the sensitivity to exogenous FSH varies among
different populations. Clinicians should not
only account for the number of retrieved
oocytes to improve clinical pregnancy rates but
also take measures to avoid serious complica-
tions from ovarian stimulation, such as OHSS.
In other words, optimally retrieved oocytes are
preferred over maximally retrieved oocytes.
Therefore, ovarian stimulation programs for
individuals with different ovarian responses
must be considered. Women with PCOS have a
large pool of antral follicles, indicating that
they are highly sensitive to FSH therapy. In
recent years, the GnRH-ant protocol has been
proven to reduce the risk of excess stimulation,
and choosing the optimal initial dosage of FSH

Table 4 Nomogram for the initial FSH dosage

Characteristics b (95% CIs) p value

Initial FSH

dosage

(IU/day)

0.042 (0.028, 0.057) \ 0.001

BMI (kg/m2) - 0.491 (- 0.603, - 0.379) \ 0.001

bFSH (IU/L) - 1.312 (- 1.571, - 1.054) \ 0.001

bLH (IU/L) 0.291 (0.163, 0.418) \ 0.001

AMH (ng/mL) 0.455 (0.366, 0.543) \ 0.001

AFC (n) 0.075 (0.004, 0.146) 0.039

BMI body mass index, bFSH basal follicle-stimulating
hormone, bLH basal luteinizing hormone, AMH anti-
Müllerian hormone, AFC antral follicle count
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further decreases the incidence of OHSS, espe-
cially in patients with PCOS [34, 35].

Although ovarian stimulation with FSH
during IVF cycles has been widely used for sev-
eral decades, it is unclear how the most appro-
priate initial FSH dosage should be selected in
daily clinical practice. Clinicians commonly
determine the initial FSH dosage according to
the ovarian response to stimulation in previous
IVF cycles, and if there are no previous cycles for
use as a reference, criteria such as patient age,

BW, BMI, and markers of ovarian reserve are
considered [17–22]. This study is applicable to
women with PCOS who have undergone their
first IVF cycle using the GnRH-ant protocol.

Some researchers have proposed that
patients with a high ovarian response should
receive an initial FSH dose of 100–150 IU during
the GnRH-ant protocol. An initial FSH dose of
150 IU has more significant benefits in oocyte
retrieval than an initial dose of 100 IU, but at
the same time, the risk of OHSS is relatively

Fig. 2 Nomogram for the calculation of the initial FSH
dosage. In the example, for patients with PCOS with
BMI = 28 kg/m2, bFSH level = 6 IU/L, bLH

level = 8 IU/L, AMH level = 8 ng/mL, and AFC = 24,
the predicted initial FSH dosage is 125 IU/day

Adv Ther (2023) 40:3971–3985 3979



increased [15]. Lensen et al. found that a
decreased Gn dose in predicted high responders
seemed to reduce the risk of moderate-to-severe
OHSS [36]. However, a low initial FSH dosage
may result in the absence of follicle growth and
cycle cancellation; thus, in clinical practice,
full-dose initiation is recommended, and the
lowest initial FSH dosage is set to 112.5 IU/day
for women with PCOS in the present institu-
tion. Therefore, it is important to choose an
appropriate initial FSH dosage in IVF cycles to
maximize clinical outcomes and minimize the
risk of OHSS. As stated above, the desired
number of optimal oocytes was set to 15.

The initial dosage of FSH should be com-
prehensively determined according to patient
age, BW, BMI, AFC, bFSH level, and AMH level,
among other characteristics. Women with
PCOS have abnormal glucose and lipid meta-
bolism, mainly manifesting as impaired glucose
tolerance, hyperinsulinemia, insulin resistance,
and metabolic syndrome. The reported rate of
obesity among women with PCOS ranges from
50% to 80% [37]. Our population was consistent
with the proportion of overweight and obese
individuals. Drug doses are usually calculated
on the basis of BW, BMI, or BSA; however, it is
unclear which one makes more sense for
patients with PCOS. In the present study, we

Fig. 3 Predicted initial FSH dosage calculated by the dose
nomogram from the present study. a Differences between
the actual initial FSH dosage and the predicted initial FSH
dosage among the same population. b Differences between
the actual initial FSH dosage and the predicted initial FSH

dosage among another independent cohort. c Predicted
initial FSH dosage stratified by BMI groups with normal-
weight (\ 24 kg/m2), overweight (24–28 kg/m2), and
obese (C 28 kg/m2) patients
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found that each of the three indicators was
significantly correlated with the number of
retrieved oocytes. However, when adjustments
were made for all other variables, only BMI
remained statistically significant compared to
BW and BSA. Therefore, we considered BMI to
be the most significant predictor of involve-
ment in the subsequent calculations.

Our results showed that the independent
variables, namely age, parity, BMI, bFSH, bLH,
and AMH levels, and AFC, were significantly
correlated with the number of retrieved oocytes.
Multiple analyses showed that the initial dosage
of FSH depended mainly on BMI and markers of
ovarian reserve, including bFSH, bLH, and AMH
levels and AFC (p\0.05). Almost all previous
predictive models of initial FSH dosage were
based on patients’ age [38]. Olivennes et al.
created a model to calculate the starting dosage

of recombinant human FSH in IVF cycles using
a GnRH agonist long protocol, in which bFSH
level, BMI, age, and AFC were included in the
dosing algorithm [39]. Notably, age, which had
been reported as an important and significant
predictor in other studies, was no longer a sig-
nificant independent variable for tailoring the
initial dosage of FSH for patients with PCOS
aged between 20 and 40 years in the present
study. In women older than 35 years, age-re-
lated decline in fertility mainly manifests as a
decreased number of follicles and a declining
ovarian response to exogenous Gn [40], with
significantly decreased pregnancy and live birth
rates [41]. Although we divided the age group
into over 35 and under 35 years, age group did
not contribute to the final construction of the
FSH dosage nomogram. A plausible explanation
is that patients with PCOS have a high ovarian

Table 5 Characteristics of patients hospitalized for moderate–severe OHSS and patients with the number of retrieved
oocytes exceeding 20

Characteristics Moderate–severe OHSS ‡ 20 retrieved oocytes

Range Values (n = 43) Range Values (n = 866)

Age (years) 23–38 30.21 ± 3.19 20–40 29.99 ± 3.51

\ 35 39 (90.7%) 786 (90.8%)

C 35 4 (9.3%) 80 (9.2%)

BMI (kg/m2) 18.43–32.5 23.56 ± 3.64 14.98–37.64 23.62 ± 3.60

\ 24 26 (60.5%) 510 (58.9%)

24–28 10 (23.3%) 248 (28.6%)

C 28 7 (16.3%) 108 (12.5%)

bFSH (IU/L) 2.65–10.4 5.68 ± 1.43 1.51–15.15 5.46 ± 1.52

bLH (IU/L) 2.1–19.2 6.56 ± 3.63 0.18–23.1 6.04 ± 3.44

AMH (ng/mL) 1.68–26.47 9.87 ± 5.68 1.13–46.1 10.09 ± 5.26

AFC (n) 16–40 25.07 ± 4.05 11–80 25.45 ± 6.80

Number of retrieved oocytes (n) 3–52 19.77 ± 11.30 20–77 28.17 ± 8.37

Cancellation of fresh embryo transplantation cycle

No 20 (46.5%) 10 (1.2%)

Yes 23 (53.5%) 856 (98.8%)

OHSS ovarian hyperstimulation syndrome, BMI body mass index, bFSH basal follicle-stimulating hormone, bLH basal
luteinizing hormone, AMH anti-Müllerian hormone, AFC antral follicle count
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reserve and that age does not add to the value
derived from other markers in the multivariate
regression model. However, the number of
patients with PCOS and advanced age in this
study was indeed low (201/1898 cases), so a
certain sample size needs to be accumulated for
subsequent stratified analysis.

Both AFC and AMH have a strong linear
relationship with the number of retrieved
oocytes [42, 43]. La Marca et al. used AMH level
and AFC combined with age and FSH level to
develop a nomogram to predict the FSH starting
dosage in their previous studies [24, 26]. How-
ever, there was no absolute consistency between
AMH and AFC. AMH is produced by granulosa
cells of early developing follicles and is posi-
tively related to the number of recruited folli-
cles [20]. AFC refers to the number of antral
follicles measuring approximately 2–9 mm in
diameter in the ovary, as determined by
transvaginal ultrasound, in the early follicular
phase and is another marker of ovarian reserve.
AMH has many distinct advantages in the
assessment of ovarian reserve and response, and
it is an accurate biomarker of ovarian aging that
is superior to FSH and AFC [18, 44, 45]. Com-
bining AMH and AFC can predict the maximum
responsiveness of the ovary [46].

Many women diagnosed with PCOS exhibit
an elevated LH pulse frequency and an
increased LH-to-FSH ratio, which inhibits folli-
cle recruitment and maturation. Elevated LH
levels in PCOS promote theca cell hyperplasia
and insulin-like growth factor 1 (IGF-1) activity
and, thus, the secretion of excessive androgen
[47]. In the present study, LH concentration was
found to be another significant independent
predictor of individual initial FSH dosage in the
GnRH-ant protocol for patients with PCOS.
Specifically, a 1 IU/L increase in LH concentra-
tion was associated with a 0.291-fold increase in
the number of retrieved oocytes (95% CIs
0.163–0.418; p\0.001).

On the basis of the present dose nomogram,
we attempted to identify factors that might lead
to OHSS. Compared with those of all patients
with PCOS, those hospitalized for moderate-to-
severe OHSS and more than 20 retrieved oocytes
had high average levels of bLH and AMH and
AFC and low BMI. In addition, most patients

were lean or had normal weight (BMI\24 kg/
m2). These results were consistent with those of
previous studies which showed that a low BMI,
high levels of bLH and AMH, and a high AFC are
particularly associated with an increased risk of
OHSS [30, 48, 49]. The above results further
illustrate the reliability of this nomogram and
validate its clinical application value in avoid-
ing OHSS and reducing the cancellation rate of
a fresh embryo transplantation cycle.

The present study is the first to construct a
dose nomogram based on BMI and ovarian
reserve markers for the individualization of the
initial FSH dosage for patients with PCOS
undergoing IVF/ICSI with the GnRH-ant pro-
tocol. In addition, this study had a large sample
size of 2491 patients with PCOS from 2017 to
2021, which makes the results highly stable and
reliable for application in clinical practice. The
current study also has several limitations,
including a single-center design, which might
have caused selection bias; thus, evidence from
other medical centers is required for validation.
In addition, patients over 40 years of age were
excluded from our study (n = 52); thus, our
nomogram is not applicable to patients with
PCOS over 40 years of age. Future studies should
investigate whether age[40 years might
increase the initial FSH dosage appropriately.

CONCLUSIONS

The concept of personalizing initial FSH dosage
helps improve the clinical outcomes of patients
with PCOS undergoing the GnRH-ant protocol
during IVF. This study demonstrates that the
initial FSH dosage for patients with PCOS aged
between 20 and 40 years who are undergoing
IVF/ICSI with the GnRH-ant protocol depends
on BMI and ovarian reserve markers, whereas
age is not a significant factor. The optimal FSH
dosage reached the optimal stimulation level to
obtain an appropriate number of retrieved
oocytes and prevent OHSS. This nomogram
allows clinicians to modulate the initial FSH
dosage for patients with PCOS to easily obtain
an optimal number of 15 retrieved oocytes in
clinical practice. The present nomogram has
been well validated in patients with PCOS at
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Peking University Third Hospital; however, it is
necessary to verify these findings at other
reproductive centers and to test them in future
prospective studies.
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