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The clinical value of
progestin-primed ovarian
stimulation protocol for
women with diminished
ovarian reserve undergoing
IVF/ICSI: a systematic
review and meta-analysis

Guangyao Lin1, Xiufang Zhong2, Shengnan Li1, Xiyu Liu1

and Lianwei Xu1*

1Department of Gynecology, Longhua Hospital, Shanghai University of Traditional Chinese Medicine,
Shanghai, China, 2Department of Reproductive Center, Shuguang Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine, Shanghai, China
Background: To determine whether progestin-primed ovarian stimulation (PPOS)

is more effective for women with diminished ovarian reserve (DOR) than

clomiphene citrate (CC)/letrozole (LE) plus gonadotropin in IVF or ICSI treatment.

Methods: Nine databases were searched until May 24, 2023, to identify relevant

studies. Forest plots were used to present the results of this meta-analysis. Begg’s

and Egger’s tests were applied to estimate publication bias. Subgroup and

sensitivity analysis were performed to check the potential sources of

heterogeneity and verify the robustness of the pooled results, respectively.

Results: A total of 14 studies with 4182 participants were included for meta-

analysis. There was evidence of a statistically notable increase in clinical

pregnancy rate (OR = 1.39, 95%CI [1.01, 1.91], p = 0.05), optimal embryos rate

(OR = 1.50, 95%CI [1.20, 1.88], p = 0.0004), and cumulative pregnancy rate (OR =

1.73, 95%CI [1.14, 2.60], p = 0.009), the duration and the amount of gonadotropin

required (MD = 1.56, 95%CI [0.47, 2.66], p = 0.005; SMD = 1.51, 95%CI [0.90,

2.12], p < 0.00001), along with decrease cycle cancellation rate (OR = 0.78, 95%

CI [0.64, 0.95], p = 0.02), luteinizing hormone (LH) level on the day of hCG

(SMD = -0.81, 95%CI [-1.10, -0.53], p < 0.00001), and premature LH surge rate

(OR = 0.10, 95%CI [0.07, 0.15], p < 0.00001) when PPOS was used. No evidence

for publication bias within results was revealed.
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Conclusions: Based on evidence-based results, PPOS protocol seems to

improve IVF/ICSI outcomes for women with DOR. More research with larger

sample sizes and rigorous designs are required to further explore the value of

PPOS among women diagnosed with DOR.

Systematic review registration:www.crd.york.ac.uk, identifier CRD42023430202.
KEYWORDS

diminished ovarian reserve, progestin-primed ovarian stimulation, clomiphene,
letrozole, in vitro fertilization, intracytoplasmic sperm injection
1 Introduction

Infertility is a severe health problem and affects 9% reproductive-

aged women globally (1). The incidence of infertility has grown

substantially, and it is estimated to impact 186 million people in the

21st century (2). One of the primary causes of infertility is diminished

ovarian reserve (DOR) (3). A recent statistic based on 181,536 assisted

reproductive technology (ART) cycles demonstrated that the overall

prevalence of DOR is estimated to be 19 to 26% in the US (4).

Furthermore, DOR, characterized as decreased oocyte quality and

quantity, is significantly associated with poor reproductive outcomes,

which is still a serious clinical challenge for ART treatment (5, 6).

Numerous studies indicate that infertile women with DOR experienced

higher miscarriage rates, lower chance of possessing at least one euploid

blastocyst, increased risk of cycle cancellation and poor ovarian

response in in-vitro fertilization (IVF) (7–10). Therefore, it is

imperative to explore appropriate ovarian stimulation protocols to

improve the outcomes for women with DOR undergoing ART.

Currently, no guideline or consensus recommends an

applicable ovarian stimulation protocol for women with DOR. In

clinical practice, pituitary suppression and gonadotropins are

widely employed to prevent premature luteinizing hormone (LH)

surge and ovulation in the course of IVF or intracytoplasmic sperm

injection (ICSI) cycles. Despite their overall effectiveness, high-dose

gonadotropins stimulation is often accompanied with ovarian

hyperstimulation syndrome, reduced live birth rate, worse oocyte

quality, and higher medication costs (11–13). In addition,

gonadotropin-releasing hormone (GnRH) applied in pituitary

suppression had been proven that 0.34% to 8.0% fail to manage

premature LH surge (14). Moreover, GnRH antagonist protocol in

IVF cycles could increase uterine natural killer cells and tumour

necrosis factor a, which negatively affects endometrial receptivity

(15). Clomiphene citrate (CC) and letrozole (LE) are often

administered in IVF treatment for ovarian stimulation as well. A

retrospective cohort study has revealed that the live birth rate was

significantly lower in CC cycles compared to that with natural cycles

(p = 0.01), whose underlying mechanism might be that CC

influenced uterine receptivity by reducing endometrial thickness

through antiestrogenic effects (16). Besides, the use of LE during

inducing ovulation has been reported to be correlated with a notable
02
risk of elevating progesterone levels, which has an adverse effect on

the pregnancy rate (17). Hence, over the past few years, an

alternative approach known as progestin-primed ovarian

stimulation (PPOS) in controlling the LH surge has attracted lots

of clinicians. Observational studies have demonstrated that PPOS

generated a similar formation of euploid blastocysts per oocyte, live

birth rate, cumulative ongoing pregnancy, and metaphase II oocytes

(MII), along with 2 pronuclear fertilized oocytes (2PN) with GnRH

antagonist protocol (18–20). Simultaneously, a retrospective cohort

study involving 3556 infants revealed that PPOS resulted in similar

neonatal outcomes, including the early neonatal death, preterm

birth, rates of low birthweight and large/small-for-gestational age,

when compared with GnRH agonist short protocol (21).

However, several clinical studies investigating the value of PPOS

protocol for women with DOR undergoing IVF or ICSI produced

conflicting results. For example, Liu et al. (22) included 108 cases

and showed that PPOS protocol during IVF has the same clinical

pregnancy rate, optimal embryos rate and cycle cancellation rate

compared with CC plus gonadotropin stimulation, which is

contrary to Zhao’s study (23). Meanwhile, Fu et al. (24)

demonstrated that the number of oocytes retrieved, optimal

embryos rate and cycle cancellation rate were not improved with

PPOS protocol compared with CC plus LE stimulation. Still,

Zhang’s study (25) confirmed that the PPOS protocol group

achieved more oocytes retrieved, optimal embryos rate and lower

cycle cancellation rate than CC plus LE group. The divergent

conclusions above may be insufficiently estimated because of the

limited sample sizes from single clinical research. Therefore, we

performed this meta-analysis to summarize the existing evidence

quantitatively and inform clinical practice. The study’s specific

concern was as follows: Does PPOS improve the outcomes for

women with DOR undergoing IVF or ICSI compared with CC/LE

plus gonadotropin stimulation?
2 Materials and methods

This study (PROSPERO registration No. CRD42023430202)

was conducted following the preferred reporting program of the

systematic review and meta-analysis (PRISMA) (26).
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2.1 Search strategy

We thoroughly searched nine databases, including English-

language databases Cochrane Library, Sinomed, EBSCO, Web of

Science, Scopus, PubMed, and Chinese-language databases Wanfang,

VIP Information and China National Knowledge Infrastructure

(CNKI) from inception up to May 24, 2023. We included use

different combinations of the following search terms: “decreased

ovarian reserve”, “declined ovarian reserve”, “diminished ovarian

reserve”, and “assisted reproduction technology”, “ICSI”, “IVF”,

“mild stimulation”, “microstimulation”, “progestin primed ovarian

stimulation”, “clomiphene plus gonadotropin”, “letrozole plus

gonadotropin”. The first two authors (G.Y.L. and X.F.Z)

independently screened the articles through titles, abstracts, and full

texts to identify the eligibility of the studies. In addition, we carefully

checked the references from retrieved studies to obtain more relevant

research as much as possible.
2.2 Inclusion and exclusion criteria

The studies met the following criteria would be included (1):

studies of patients who were diagnosed with DOR (AFC < 5~7 or

FSH ≥ 10IU/L or AMH < 1.1ng/mL) (27, 28); (2) all patients

received ART treatment, including IVF and ICSI; (3) studies

divided patients into two groups in term of ovarian stimulation

protocols (PPOS versus CC/LE plus gonadotropin) regardless of the

types of progestin; (4) studies provided the diagnostic criteria for

DOR and basal characteristics (i.e., age, duration of infertility) of

patients with sufficient data; (5) types of study were randomized

controlled trials, observational studies and cross sectional studies;

(6) there were no ethnic and geographical restrictions.

The exclusion criteria included: (1) researches were self-

controlled study; (2) patients with polycystic ovary syndrome,

abnormal endometrium, intrauterine adhesion, uterine

malformation, reproductive tumors and chromosomal

abnormalities; (3) meta-analysis, study protocol, duplicate

publications, reviews, animal experiments and conference papers;

(4) studies that were not published in either Chinese or English.
2.3 Data extraction and quality assessment

A standardized form was adopted by the first two authors (GL

and XZ) to perform data extraction independently. The following

data were retrieved: study population characteristics (i.e., age,

duration of infertility, body mass index), details of the treatments

(i.e., type of gonadotropin, intervention of ovarian stimulation

protocol) and outcomes in each group. The primary outcomes

were cycle cancellation rate, clinical pregnancy rate, the number of

oocytes retrieved, and premature LH surge rate. The secondary

outcomes were optimal embryos rate, fertilization rate, live birth

rate, cleavage rate, embryo implantation rate, estradiol (E2) and LH

on the day of hCG, duration of gonadotropin used, total dose of

gonadotropin, cumulative pregnancy rate and early miscarriage

rate. Meanwhile, the Newcastle-Ottawa scale (NOS) was utilized
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by two independent reviewers (GL and XZ) to evaluate the quality

of the included articles. Studies were considered to be of high

quality with scores of ≥ 6 (29). Any discrepancies were determined

by discussing with the corresponding author (LX).
2.4 Statistical analysis

Analysis of the data was conducted with Review Manager 5.3

and Stata 15.1 software. The continuous variables (for example, the

number of oocytes retrieved) were presented with a standardized

mean difference (SMD) or mean difference (MD) with 95%

confidence intervals (CIs). For dichotomous variables (for

example, cycle cancellation rate), odds ratios (OR) with 95% Cls

were shown. The heterogeneity in the meta-analysis was estimated

by utilizing the I2 statistic. An I2 ≥ 50% was considered massive

heterogeneity; then, the random-effects model was used. Otherwise,

the fixed-effects model was adopted. Besides, the potential sources

of heterogeneity were checked by subgroup analysis. p ≤ 0.05 was

deemed statistically significant. Furthermore, Begg’s and Egger’s

tests were applied by evaluating the P value to explore publication

bias if at least ten studies were involved. When the p value was >

0.05, it is considered that there was no publication bias existing. If at

least five studies were included, a sensitivity analysis was adopted by

excluding individual articles to appraise the robustness of the

pooled results.
3 Results

3.1 Included articles

The flow chart exhibited in the PRISMA figure (Figure 1) shows

the selection of records included. The search strategy identified

1352 articles via database searching. After removing duplicates, 850

papers were excluded. Of the 502 studies identified, 481 studies were

removed because they met the basic exclusion criteria when going

through the titles and abstracts. After the full-text screening, seven

relevant articles were further excluded as they were self-controlled

studies or without sufficient data. Ultimately, a total of 14 studies

were included in the analysis of this review.
3.2 Study characteristics

Table 1 shows the main characteristics of all included studies.

We included 14 studies involving 4182 women with DOR

undergoing IVF/ICSI treatment. The sample sizes in each trial

varied from 65 to 972, and the publication year ranged from 2016

to 2023. All the patients included were from China and were

categorized into trial group treated with PPOS and control group

treated with CC/LE plus gonadotropin. The trial group and the

control group comprised 2282 and 1900 cases, respectively. Four

studies (23, 30, 36, 39) applied the median and 25th - 75th

percentiles for continuous variables with skewed distributions. In

the control group, nine studies reported patients treated with CC,
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two studies treated with CC plus LE, one study received CC or CC

plus LE, and the remaining two studies were CC or LE. Further, the

characteristics of sex hormones level and AFC were also presented

in Supplementary Table 1.
3.3 Quality assessment

All researches were retrospective cohort studies, and the quality

assessment were estimated in accordance with the NOS. Four of

them were rated eight scores. Eight studies obtained seven scores,

and two were evaluated as six scores. Although all studies assessed

were of high quality, a common reason attributed to score low on

study quality assessment was lack of sufficient detail in outcomes

assessment procedures. Table 1 presents the NOS score of each

study included.
3.4 Outcome measurements

3.4.1 The primary outcomes
Ten studies investigated the association between PPOS and

cycle cancellation rate. PPOS demonstrated a favourable result for

cycle cancellation rate with the pooled OR being 0.78, (95% CI: 0.64,

0.95), I2 = 41%, p = 0.02 when compared with women treated with

CC/LE plus gonadotropin stimulation. Seven studies reported

clinical pregnancy rate in patients with PPOS intervention. The

result showed that the pooled OR was 1.39 (95% CI: 1.01, 1.91),
Frontiers in Endocrinology 04
I2 = 0%, p = 0.05, revealing a higher rate of clinical pregnancy rate

for women treated with PPOS compared with the control group.

Furthermore, ten studies estimated the association of PPOS with the

number of oocytes retrieved; after excluding Yu’s study (39) by

sensitivity analysis, the heterogeneity decreased from 99% to 78%;

therefore, the pooled MD was 0.30 (95% CI: -0.03, 0.62), I2 = 78%,

p = 0.08, suggesting that PPOS nearly yielded the same the number

of oocytes retrieved with the control group. In addition, four studies

with 1905 cases reported premature LH surge rate. There was

evidence of a notable decrease in premature LH surge rate when

PPOS was used (OR 0.10, [95% CI: 0.07, 0.15], I2 = 0%, p < 0.00001)

(Table 2; Figure 2).

3.4.2 The secondary outcomes
The optimal embryos rate was reported by six studies. After

removing Zhao’s study (36) by sensitivity analysis, the heterogeneity

declined from 58% to 44%; thus, there was evidence of a substantial

increase in optimal embryos rate with PPOS compared to CC/LE plus

gonadotropin (OR 1.50, [95% CI: 1.20, 1.88], I2 = 44%, p = 0.0004).

However, it was noteworthy that there was no evidence of a statistically

striking difference in fertilization rate, live birth rate, cleavage rate,

embryo implantation rate, E2 on the day of hCG and early miscarriage

rate between the groups (p > 0.05). Furthermore, nine studies

investigated the association between PPOS with LH on the day of

hCG, after removing Yu’s study (39) through sensitivity analysis, the

heterogeneity reduced from 98% to 84%; among the women

with DOR, PPOS was also shown to be an advantageous outcome

(SMD -0.81, [95% CI: -1.10, -0.53], I2 = 84%, p < 0.00001) (Figure 3).
FIGURE 1

Paper selection flowchart.
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TABLE 1 Study characteristics.
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Study Year
Sample size

(n)
Age (years) Duration of infertil-

ity (years) BMI (Kg/m2)

T/C T C T C T C

Tu (30) 2022 600/139 39.45 ± 2.99 39.98 ± 3.34 3(6–2) 3(5–1) 22.03 ± 2.62 22.29 ±

Fan (31) 2021 486/486 40.14 ± 3.72 40.25 ± 3.43 4.31 ± 2.96
4.35 ±
2.79

21.53 ± 2.66 21.38 ±

Zheng (32) 2020 59/57 38.41 ± 3.51 38.67 ± 3.34 4.44 ± 3.02
5.62 ±
2.15

22.17 ± 3.99 21.78 ±

Yu(A) (33) 2017 209/222 39.87 ± 5.41 40.47 ± 5.71 5(2,8) 4(2,8) 23.57 ± 3.61 23.78 ±

Yang (34) 2022 47/247 39.00 ± 7.00 40 ± 6.00 3.00 ± 4.00
3.00 ±
4.00

23.20 ± 3.80 22.90 ±

Zeng (35) 2020 103/123 38.19 ± 4.96 37.98 ± 4.85 5.56 ± 4.9
4.88 ±
4.12

22.85 ± 2.57 22.34 ±

Zhao (A)
(23)

2023 61/65 35.00, 41.00 35.00,42.00 1.50,5.50 1.00, 8.50 23.57 ± 2.78 23.68 ±

Zhao (B)
(36)

2023 41/45
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2.0
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(20.07,

Zhang (25) 2016 94/70 37.5 ± 5.7 36.8 ± 5.3 5.7 ± 4.1 5.0 ± 3.8 NA NA

Wang (37) 2020 28/37 38.8 ± 5.3 38.2 ± 6.1 6.9 ± 1.7 6.8 ± 1.6 NA NA

Xu (38) 2021 310/155 41.56 ± 3.70 42.32 ± 3.78 5.53 ± 4.91
6.27 ±
5.61

23.28 ± 2.84 23.56 ±

Yu(B) (39) 2019 105/102 <38 <38 4.42 ± 0.38
3.63 ±
0.25

22.4 ± 0.34 22.5 ±

Fu (24) 2017 87/96 40.10 ± 4.50 39.90 ± 4.80 6.80 ± 4.10
6.30 ±
3.90

22.54 ± 4.07 22.00 ±

Liu (22) 2020 52/56 41.13 ± 3.01 41.16 ± 2.63 4.02 ± 2.43
4.52 ±
3.03

22.34 ± 2.03 22.77 ±
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In addition, the duration of gonadotropin used was measured in

eight trials, and the total dose of gonadotropin was recorded in nine

studies. The pooled results indicated that the PPOS protocol may

statistically increase the duration of gonadotropin used (MD 1.56,

[95% CI: 0.47, 2.66], I2 = 97%, p = 0.005), and total dose of

gonadotropin required (SMD 1.51, [95% CI: 0.90, 2.12], I2 = 98%,

p < 0.00001). Although sensitivity analysis was utilized, no

individual research impacted the pooled results. Simultaneously,

subgroup analysis based on different types of gonadotropin (HMG

vs. FSH) explored the potential heterogeneity, but the heterogeneity

did not modify (Supplementary Figure 1). What’s more, four

studies reported cumulative pregnancy rate, and the pooled result

showed that PPOS was more superior to CC/LE plus gonadotropin

in increasing cumulative pregnancy rate (OR 1.73, [95% CI: 1.14,

2.60], I2 = 36%, p = 0.009) (Figure 3). All the results above are listed

in Table 2.
3.5 Publication bias

Begg’s and Egger’s tests were applied to detect hidden

publication bias. Regarding cycle cancellation rate, the form of

the funnel plots with a symmetrical appearance was checked. The P

value of Begg’s and Egger’s tests were 0.210 and 0.079, respectively,

for cycle cancellation rate. Therefore, there was no meaningful

publication bias in this meta-analysis (Figure 4).
4 Discussion

Women with DOR are always likely to experience a premature

LH surge since they usually possess fewer antral follicles which
Frontiers in Endocrinology 06
develop and mature rapidly and are vulnerable to premature

luteinization (40). Clinically, conventional IVF protocols often

provide unsatisfying results, such as disappointing embryo

quality, the number of oocytes retrieved, and total embryos (41–

43). Meanwhile, patients with DOR were more difficult to obtain

an expected result in managing LH surge than those with

normal ovarian reserve (43). Therefore, it is essential to identify

an effective ovarian stimulation protocol to better the outcome of

DOR women with ART treatment. Currently, PPOS, first proposed

by Kuang et al. (44) in 2015 to compare pregnancy outcomes for

women undergoing IVF/ICSI with frozen embryo transfer, has

drawn our interest since it is more superior to short protocol in

preventing premature LH surges and as effective as short protocol in

improving IVF/ICSI outcomes. The main administration of

exogenous progesterone used in PPOS is dydrogesterone (DYG),

progesterone capsules (PC), and medroxyprogesterone acetate

(MPA) (45). In recent years, PPOS has been widely recognized as

a vital protocol for ovarian stimulation, especially in women with

DOR (43). For example, a previous self-controlled study enrolled

infertile patients with DOR proved that MPA substantially

suppressed LH surge and facilitated pregnancy rate, high-grade

embryos, MII oocytes, normal fertilized oocytes, and live birth rate

compared to CC protocol, which might involve complex molecular

mechanisms (46). Substantial evidence has implied that the PPOS

protocol could influence the follicular microenvironment by

regulating miR-4261 and miR-6869-5p expression in granulosa

cells (47). Meanwhile, MPA might increase the ovulation rate by

ameliorating the mRNA expression of GJA1 and VEGF in follicles

(48). Additionally, DYG could stimulate oocyte maturation and

ovulation by boosting the concentrations of acylcarnitines,

lysophospholipids, urea, putrescine, and free amino acids via the

purinergic signaling and arachidonic acid metabolic pathway in
TABLE 2 The summary results of forest plot for clinical outcomes.

Clinical outcomes Studies (n) Case (n) OR/SMD/MD 95% CI p I2 (%) Model

Cycle cancellation rate 10 3132 0.78 [0.64, 0.95] 0.02 41 Fixed

Clinical pregnancy rate 7 1096 1.39 [1.01, 1.91] 0.05 0 Fixed

Number of oocytes retrieved 9 2593 0.30 [-0.03, 0.62] 0.08 78 Random

Premature LH surge rate 4 1905 0.10 [0.07, 0.15] < 0.00001 0 Fixed

Optimal embryos rate 5 1517 1.50 [1.20, 1.88] 0.0004 44 Fixed

Fertilization rate 3 1722 1.14 [0.90, 1.43] 0.28 0 Fixed

Live birth rate 3 513 1.54 [0.94, 2.51] 0.09 13 Fixed

Cleavage rate 3 1058 1.31 [0.61, 2.79] 0.49 5 Fixed

Embryo implantation rate 4 965 1.06 [0.73, 1.55] 0.76 0 Fixed

E2 on the day of hCG 7 1505 -0.11 [-0.29, 0.07] 0.21 59 Random

Early miscarriage rate 6 279 0.74 [0.39, 1.40] 0.35 0 Fixed

LH on the day of hCG 8 1621 -0.81 [-1.10, -0.53] < 0.00001 84 Random

Cumulative pregnancy rate 4 467 1.73 [1.14, 2.60] 0.009 36 Fixed

Duration of gonadotropin used 8 2441 1.56 [0.47, 2.66] 0.005 97 Random

Total dose of gonadotropin 9 3180 1.51 [0.90, 2.12] < 0.00001 98 Random
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ovary (49). Still, the mechanism underlying progestin that

ameliorates outcomes for women with DOR is not elaborated

clearly. Consequently, further research is required to investigate

the exact mechanism.

However, so far, there is no evidence-based medical support to

inform the use of PPOS in patients with DOR undergoing IVF/ICSI.

Thus, this meta-analysis was performed to explore the value of

PPOS on patients with DOR. In this study, we included 14 articles

involving 4182 women with DOR. According to the pooled results

of the study, forest plots distinctly presented that the use of PPOS

could notably reduce the incidence of cycle cancellation rate and

increase clinical pregnancy rate. On the other hand, our result

without heterogeneity demonstrated that there was a significant

value in preventing premature LH surge when PPOS applied.

Regarding the secondary outcomes, women with DOR treated

with PPOS were significantly associated with superior optimal

embryos rate, lower LH on the day of hCG, increase in the

duration and the amount of gonadotropins required, and a higher
Frontiers in Endocrinology 07
incidence of cumulative pregnancy rate. Nonetheless, there was

absence of evidence to proof that PPOS protocol is correlated with a

considerable difference in the number of oocytes retrieved,

fertilization rate, live birth rate, cleavage rate, embryo

implantation rate, E2 on the day of hCG, and early miscarriage

rate compared with CC/LE plus gonadotropin protocols. In

addition, according to Begg’s and Egger’s tests, no publication

bias existed among the studies, and each result was also estimated

by sensitivity analysis, which indicated that our results are robust

and reliable. Taken together, we consider PPOS to be an effective

protocol for patients with DOR, based on the high-quality evidence

above, which might be valuable for clinicians to choose ovarian

stimulation strategies.

A previous meta-analysis focusing on PPOS for patients in ART

demonstrated that PPOS is profitable for women with different

ovarian reserve (43). However, they only searched four databases

and included nine articles published before 2020. Among the nine

studies included, solely two studies with 544 cases compared the
A

B

D

C

FIGURE 2

Forest plot of studies evaluating cycle cancellation rate (A); clinical pregnancy rate (B); number of oocytes retrieved (C); premature LH surge rate (D).
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difference of PPOS with natural cycle or antagonist protocol.

Therefore, their results ought to be interpreted with caution as

the different control protocols and small sample sizes were included.

To our knowledge, this is the first meta-analysis to investigate the

clinical value of PPOS for women with DOR undergoing IVF or

ICSI compared to CC/LE plus gonadotropin stimulation. Our study

has several strengths. First, this meta-analysis included only women

with DOR receiving PPOS or CC/LE plus gonadotropin stimulation

during IVF or ICSI, thereby offering a more specific reflection on
Frontiers in Endocrinology 08
the value of PPOS in this unique population. Second, we carefully

screened nine databases and included 4182 women with DOR in

this analysis. The databases enrolled were more comprehensive, and

the sample sizes were larger than in the previous study as well.

Third, the earlier meta-analysis (43) failed to check publication bias

and stability of their conclusions. Instead, we used Begg’s and

Egger’s tests, along with sensitivity analysis to verify our results.

Hence, we are convinced that our conclusions are more suitable for

clinical practice.
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FIGURE 3

Forest plot of studies evaluating optimal embryos rate (A); fertilization rate (B); live birth rate (C); cleavage rate (D); embryo implantation rate (E); E2
on the day of hCG (F); early miscarriage rate (G); LH on the day of hCG (H); cumulative pregnancy rate (I); duration of gonadotropin (J); total dose
of gonadotropin (K).
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FIGURE 4

Begg’s test (A) and Egger’s test (B) for cycle cancellation rate.
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However, several limitations should be acknowledged. First of all,

the 14 articles selected were retrospective studies, which may exist

certain biases and, to some extent, generate a weak evidence grade

compared to randomized controlled trials (RCTs). Whereas the NOS

results presented that all studies included were high-quality. Second,

all studies failed to report the adverse effects, such as ovarian

hyperstimulation syndrome and deep vein thrombosis during the

use of PPOS; thus, the safety of PPOS cannot be estimated by meta-

analysis, which might be an inherent deficiency of this study. Third,

significant heterogeneities could still be noticed in some outcomes,

like the duration and total dose of gonadotropin used, although we

performed subgroup analysis. We consider the heterogeneity may be

explained by the different amounts of gonadotropin applied for each

patient according to the concentrations of sexual hormones and the

size and quantity of developing follicles. Lastly, four studies utilized

the median and 25th - 75th percentiles for continuous variables with

skewed distributions, which enabled us cannot pool their related data

into our analysis. Hence, more high-quality multicenter RCTs are

required to further confirm the value of PPOS for patients with DOR.
5 Conclusion

In summary, the results of this systematic review and meta-

analysis confirmed that PPOS might improve clinical pregnancy

rate, optimal embryos rate, and cumulative pregnancy rate for

women with DOR who are undergoing IVF/ICSI. In addition,

PPOS might decrease cycle cancellation rate, LH level on the day

of hCG, and premature LH surge rate for DOR patients. This would

benefit clinicians in adjusting ovarian stimulation strategy.

However, the duration and the amount of gonadotropins required

were higher with the PPOS protocol. Therefore, we suggest that

women with DOR undergoing IVF/ICSI should be appropriately

evaluated before receiving the PPOS protocol.
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