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Background: The effect of premature progesterone elevation on assisted reproductive technology has been debated. In different 
ovarian stimulation protocols, ovarian responses, and embryos transferred, conflicting results reside regarding the impact of elevated 
progesterone on pregnancy outcomes, according to previous studies. In addition, most studies have focused on significantly elevated 
progesterone levels, eg, above 1.5ng/mL, 1.75ng/mL, 2ng/mL. However, studies focusing on levels that are just slightly elevated are 
lacking, and some have concluded that such levels have no adverse effects on pregnancy outcomes.
Methods: Clinical data of patients who underwent early follicular phase prolonged protocol cycle in vitro fertilization/intracytoplas
mic sperm injection treatment were collected. Patients were divided into two groups according to progesterone level on the trigger day 
of human chorionic gonadotropin (HCG): Group 1: < 1.0ng/mL and Group 2: 1.0–1.5ng/mL. Differences in baseline characteristics, 
ovulation promotion, and embryo culture, along with clinical pregnancy outcomes, were compared between the two cohorts.
Results: A total of 743 participants were included in this study, of which 587 were included in Group 1 and 156 were included in 
Group 2. In terms of pregnancy outcomes, Group 2 had a significantly lower clinical pregnancy rate and live birth rate per cycle than 
Group 1 (64.1% vs 75.7%, p < 0.05; 63.5% vs 72.7%, p < 0.05). After correction for maternal age, maternal body mass index, 
infertility duration, basal follicle-stimulating hormone, anti-Müllerian hormone, antral follicle count, total dose of gonadotropin, days 
of stimulation, and estradiol level on HCG trigger day, slightly elevated progesterone levels (P > 1.0ng/mL) remained a risk factor for 
pregnancy failure in fresh single D5 blastocyst transfer under an early follicular phase prolonged protocol cycle.
Conclusion: Slightly elevated progesterone levels on HCG trigger day may negatively affect pregnancy outcomes in early follicular 
phase prolonged protocol cycles.
Keywords: progesterone, IVF-ET, early follicular phase prolonged protocol, perinatal outcome

Introduction
In women who undergo ovarian stimulation, the incidence of progesterone elevation on the HCG trigger day fluctuates at 38%, 
although the application of gonadotropin-releasing hormone (GnRH) analogs could significantly reduce the incidence of 
premature luteinization.1

There is no uniform standard for the definition of elevated progesterone levels on HCG trigger day, and it may vary according 
to ovarian response, developmental stage of embryo at transfer, and type of GnRH analog used for the prevention of a spontaneous 
surge of luteinizing hormone (LH).2 Although the cut-off values for the possible adverse effects of progesterone level on 
pregnancy outcomes range from 0.8 to 2.5ng/mL, according to the literature,2–5 most studies suggest that the clinical pregnancy 
rate is reduced and a “freeze-all” strategy is recommend when the progesterone level is above 1.5ng/mL.6–9 More refined studies 
are urgently needed regarding possible progesterone thresholds. These should include several identification parameters (eg, 
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patient characteristics, type of ovarian response, stimulation protocol).2 Answering this question will facilitate a reliable 
assessment of the prognosis of each subfertile couple.

The objective of this study was to evaluate whether a slightly elevated progesterone level (1.0–1.5ng/mL) on HCG 
trigger day has an adverse effect on clinical pregnancy under an early follicular phase prolonged protocol cycle.

Materials and Methods
Study Population and design
This retrospective study collected data from 743 cycles of fresh in vitro fertilization/intracytoplasmic sperm injection and 
embryo transfer (IVF/ICSI-ET) under an early follicular phase prolonged protocol from January 2017 to October 2020 at 
a single reproductive center. This study was reviewed and approved by the Institutional Review Board and Ethics 
Committee of Henan Provincial People’s Hospital, China (approval number: SYSZ-LL-2021091501). This study was 
conducted in accordance with the Declaration of Helsinki, as revised in 1983.

The inclusion criteria were as follows: (1) 20–40 years old; (2) single D5 blastocyst transfer; (3) endometrial thickness on 
trigger day was greater than 6 mm; (4) progesterone level was ≤ 1.5ng/mL on trigger day. The exclusion criteria were as follows: 
(1) endometrial polyp, uterine anomaly, endometriosis, adenomyosis, and hydrosalpinx; (2) incomplete data; (3) time of egg 
retrieval ≥ 3; (4) chromosomal abnormalities in any of the couples (including chromosome polymorphisms); and (5) testicular 
sperm retrieval.

Patient-related clinical data that strictly met the inclusion criteria were retrieved from the software database of 
the Clinical Assisted Reproductive Technology Management System in the department. Here, 743 women were 
divided into two groups according to progesterone level: Group 1: P < 1.0ng/mL (n = 587); Group 2: 
1.0 ≤ P ≤ 1.5ng/mL (n = 156).

Progesterone Measurement
Serum progesterone levels were measured on the day of the HCG trigger. Samples were tested using a microparticle 
enzyme immunoassay Axsym System (Abbott Cientifica S.A., Madrid, Spain), and the lower limit of detection for 
the assay was 0.05ng/mL. In addition to the internal quality control checks performed daily by the institution 
laboratory, the assays were calibrated whenever a new reactive batch was used or when an outcome outside the 
normal range was observed.

Ovarian Stimulation and Embryo Culture
Long-acting GnRH-a 3.75 mg (Triptorelin Acetate for injection, IPSEN PHARMA BIOTECH, H20140298) was 
administered intramuscularly on days 2–4 of the menstrual cycle. Blood hormone levels and ultrasound were measured 
28 to 30 days later to determine whether the criteria for down-regulation were met. The criteria for down-regulation were 
as follows: serum follicle-stimulating hormone (FSH) < 5mIU/mL, LH < 5mIU/mL, estradiol (E2) < 50pg/mL, 
progesterone (P) < 1ng/mL, endometrial thickness < 5mm, ovarian follicles < 10mm in diameter, and no luteal cysts. 
After downregulation was achieved, ovarian stimulation was initiated with a starting dose of 75–300 IU, depending on 
the age of the patient, antral follicle count (AFC), basal sex hormone, anti-Müllerian hormone (AMH), body mass index 
(BMI), and previous ovarian responsiveness. When follicles ≥ 18 mm in diameter accounted for 50–60% of the dominant 
follicles, the HCG trigger was administered at a dose of 4000–12000IU.

Depending on the quality of male semen, IVF or ICSI techniques were selected for fertilization, followed by transfer 
to a culture medium for embryo culture. Embryonic oocyte cleavage was observed 70–72h after fertilization, and 
blastocyst scoring was performed using the Gardner scoring system.

Luteal Phase Support
Routine luteal support was performed from the day of egg retrieval, with 30mg oral dydrogesterone tablets (Duphaston, 
Abbott Biologicals B. V., H20170221) and progesterone sustained-release vaginal gel (Fleet Laboratories Limited, 
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H20140552) 90mg placed vaginally. On day 5 after egg retrieval, high-scoring blastocysts were selected for embryo 
transfer according to embryo status and the patient’s specific condition.

Peripheral blood was collected from the patient 14 days after embryo transfer to measure the β-hCG levels. 
Transvaginal ultrasound was performed to evaluate embryo implantation after day 28–35 of fresh single blastocyst 
transfer (SBT), and the presence of a pregnancy sac was identified as a clinical pregnancy. If clinical pregnancy was 
confirmed, luteal support was continued until approximately 12 weeks gestation. If embryo loss or loss of fetal heartbeat 
occurred, it was marked as an abortion.

Statistical Analysis
Continuous variables of normal distribution were expressed as mean ± standard deviation (mean ± SD), and the t-test was 
used to conduct the statistical analyses. Variables of non-normal distribution were presented as median ± quartile range 
(median ± QR), and the Mann–Whitney U-test was used to conduct the statistical analyses. Categorical variables are 
expressed in frequency and percentage (%), and the chi-square test was used to compare the percentages. A multivariate 
logistic regression model was used to examine the preferential effects of progesterone on pregnancy outcomes. Maternal 
age, maternal BMI, infertility duration, basal FSH, AMH, AFC, total dose of gonadotropin (Gn), days of stimulation, and 
E2 level on the day of HCG trigger were included in the multivariable regression model. SPSS 23.0 was implied to carry 
out the statistical analysis, and p < 0.05 was considered as statistically significant.

Results
In this study, we analyzed 743 fresh SBT cycles under an early follicular phase prolonged protocol and compared clinical 
outcomes between the two groups. Demographic data such as age, infertility duration, BMI, and AMH are summarized in 
Table 1. The baseline information was similar across the two groups, except for BMI. BMI decreased as progesterone 
levels increased on trigger day.

When performing controlled ovarian stimulation (COS) under the prolonged protocol, Group 2 had a higher total dose 
of Gn (2608.29 ± 969.91 vs 2301.12 ± 914.51, p = 0.001). And the days of stimulation were higher in Group 2 
(12.39 ± 3.14 vs 11.68 ± 2.29, p = 0.001). E2 levels on the day of trigger were higher in Group 2 (2216.01 ± 932.93 vs 
1732.49 ± 763.99, p = 0.001) (Table 2).

The laboratory results showed that Group 2 had higher number of retrieved oocytes, double pronuclear (2PNs) and 
MII oocytes (13.78 ± 4.36 vs 12.41 ± 4.26, 9.28 ± 3.15 vs 8.41 ± 3.13, 12.21 ± 3.87 vs 11.05 ± 3.86; p < 0.001) (Table 3). 
Comparison of the grades of blastocyst cavity expansion, inner cell mass, and trophoblastic layer showed no significant 
differences. Blastocyst cavity expansion was almost the 4th degree in the two groups.

Table 1 Baseline Characteristics of Two Groups

Group 1 (n = 587) Group 2 (n = 156) p value

Maternal age (years) 30.78 ± 3.76 30.94 ± 3.87 0.655
Paternal age (years) 31.61 ± 4.41 31.86 ± 4.65 0.862

Maternal BMI (kg/m²) 23.49 ± 3.54 22.45 ± 2.99 0.002

Infertility type
Primary infertility (n%) 206 (35.1) 43 (27.6) 0.152

Secondary infertility (n%) 381 (64.9) 113 (72.4)

Infertility duration (years) 3.21 ± 2.60 2.79 ± 2.35 0.072
Basal FSH (mIU/mL) 6.44 ± 1.85 6.55 ± 1.82 0.264

Basal LH (mIU/mL) 5.53 ± 3.12 5.16 ± 2.72 0.276

Basal E2 (pg/mL) 40.88 ± 44.41 40.37 ± 16.00 0.124
AMH (ng/mL) 4.21 ± 2.92 4.01 ± 2.85 0.418

AFC (n) 15.42 ± 5.57 14.47 ± 5.13 0.068

Abbreviations: LH, Luteinizing hormone; FSH, follicle-stimulating hormone; E2, estradiol; AMH, 
anti-Müllerian hormone; AFC, antral follicle count.
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Although both cohorts showed fairly good pregnancy outcomes, the group with slightly elevated progesterone levels 
still had significantly lower clinical pregnancy and live birth rates than those with normal progesterone levels (64.1% vs 
75.5%, 63.5% vs 72.7%, respectively; all p < 0.05) (Table 4).

A multivariate logistic regression model was used to examine the effects of slightly elevated progesterone levels on 
pregnancy outcomes. After correction for maternal age, maternal BMI, infertility duration, basal FSH, AMH, AFC, total 
dose of Gn, days of stimulation, and E2 level on the day of HCG trigger, slightly elevated progesterone levels remained 
a risk factor for lower clinical pregnancy and live birth rates (Table 5).

Table 3 Laboratory Outcomes of the Two Groups

Group 1 (n = 587) Group 2 (n = 156) p value

Fertilization methods

IVF (n%) 500 (85.2) 132 (84.6) 0.861

ICSI (n%) 87 (14.8) 24 (15.4)
No. of oocytes retrieved (n) 12.41 ± 4.26 13.78 ± 4.36 0.001

No. of MIIs (n) 11.05 ± 3.86 12.21 ± 3.87 0.001
No. of 2PNs (n) 8.41 ± 3.13 9.28 ± 3.15 0.002

No. of D3 embryos (n) 5.35 ± 2.40 5.87 ± 2.46 0.051

Blastocyst condition
Blastocyst cavity expansion grade

Grade 3 blastocyst (n%) 6 (1.0) 0 (0) 0.151

Grade 4 blastocyst (n%) 575 (98.3) 152 (97.4)
Grade 5 blastocyst (n%) 4 (0.7) 4 (2.6)

Inner cell mass grade

Grade A (n%) 16 (2.7) 7 (4.5) 0.453
Grade B (n%) 543 (92.5) 140 (89.7)

Grade C (n%) 28 (4.8) 9 (5.8)

Trophoblastic layer grade
Grade A (n%) 17 (2.9) 5 (3.2) 0.973

Grade B (n%) 403 (68.6) 106 (67.9)

Grade C (n%) 167 (28.5) 45 (28.9)

Table 2 Controlled Ovarian Hypersimulation Procedure

Group 1 (n = 587) Group 2 (n = 156) p value

Total dose of gonadotropin (IU/mL) 2301.12 ± 914.51 2608.29 ± 969.91 0.001
Days of stimulation (d) 11.68 ± 2.29 12.39 ± 3.14 0.001

LH level on HCG trigger day (mIU/mL) 1.29 ± 2.29 1.46 ± 1.56 0.09

E2 level on HCG trigger day (pg/mL) 1732.49 ± 763.99 2216.01 ± 932.93 0.001
Number of follicles with diameter > 

14 mm on HCG trigger day (n)

10.03 ± 3.71 10.48 ± 3.38 0.106

Endometrial thickness (mm) 11.36 ± 2.71 11.20 ± 2.74 0.346

Table 4 Clinical Outcomes of the Two Groups

Group 1 (n = 587) Group 2 (n = 156) p value

Clinical pregnancy rate% (n) 75.5 (443/587) 64.1 (100/156) 0.004

Early miscarriage rate% (n) 11.1 (49/443) 5.0 (5/100) 0.067
Early severe OHSS rate% (n) 1.0 (6/587) 0 0.205

Ectopic pregnancy rate% (n) 0.70 (3/443) 0 0.411

Live birth rate per transfer% (n) 72.7 (427/587) 63.5 (99/156) 0.023

Abbreviation: OHSS, ovarian hyperstimulation syndrome.
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Discussion
Most studies strongly support the idea that a premature rise in progesterone levels on HCG trigger days during 
ovarian stimulation is associated with reduced implantation and pregnancy rates following fresh embryo transfers. 
However, there is no uniform standard for the definition of elevated progesterone level on HCG trigger days. 
Premature progesterone rise is defined as serum progesterone ≥ 1.0ng/mL.10–12 A meta-analysis including over 
60,000 cycles also showed that progesterone seems to have a detrimental effect on the probability of pregnancy 
achievement in women undergoing fresh IVF cycles, with progesterone concentrations of 0.8ng/mL.2 However, 
many clinicians are doubtful of this low progesterone threshold. Bosch defined 1.5ng/mL as the threshold of 
elevated progesterone and concluded that the pregnancy outcome was negatively affected above this value and 
that fresh embryo transfer should be cancelled. This is also the most widely accepted threshold.6–8,13–15 However, 
few studies have analyzed whether just a slight elevation in progesterone level (1.0–1.5ng/mL) has a detrimental 
effect on the outcomes. In clinical practice, we observed that progesterone levels between 1.0 and 1.5 seem to 
have an adverse effect on pregnancy outcome, and we determined these two thresholds according to the literature 
and clinical practice. For the first time, this study compared the clinical outcomes of slightly elevated progester
one—progesterone at 1.0–1.5ng/mL—with those of normal progesterone—progesterone less than 1.0ng/mL—in an 
early follicular phase prolonged protocol.

The mechanism causing elevated progesterone on the trigger day during COS is unclear but is currently believed 
to be related to the following factors:3–5,9,15 (1) excess mature follicles; (2) high Gn dose (Bosch et al found that for 
every 75 U increase in FSH, the risk of elevated progesterone on HCG trigger days increased 1.44-fold); (3) high 
LH; (4) prolonged ovarian stimulation; and (5) different ovulation promotion protocols. GnRH agonist protocols 
were most associated with extreme elevations of progesterone. In the present study, total dose of Gn, days of 
stimulation, E2 levels on HCG trigger day, and number of oocytes retrieved in Group 2 were all higher than those in 
Group 1, which is consistent with the results of most of the above studies. In addition, the women in Group 1 
(P < 1.0ng/mL) had a higher BMI, and there was a statistical difference between the two groups (23.49 ± 3.54 vs 
22.45 ± 2.99, p = 0.002), suggesting that women with low BMI are more likely to have elevated progesterone. It is 
possible that a higher BMI corresponds to higher aromatase expression and, consequently, greater estrogen produc
tion, which could impact progesterone production.16 Although the “freeze-all” strategy can avoid the effects of high 
progesterone levels on pregnancy outcomes, there is no consensus regarding the safety and long-term prognosis of 
this strategy. Therefore, careful selection of the dose of ovulation-stimulating drugs and reduction of the duration of 
stimulation time are particularly important for preventing premature elevated progesterone on HCG trigger days and 
improving the transplantation rate of fresh cycles.

In this study, both cohorts showed fairly good pregnancy outcomes, and it was assumed that this may be 
related to the advantages of D5 single blastocyst transfer and early follicular phase prolonged protocol. Many 
studies have shown that blastocysts have better developmental potential than cleavage embryos and can signifi
cantly increase the implantation, clinical pregnancy, and live birth rate.17–23 Gonadotropin-releasing hormone 
agonists can improve clinical pregnancy rates by harvesting high-quality oocytes and increasing endometrial 
tolerance.19,24,25 The group with slightly elevated progesterone levels still had significantly lower clinical 
pregnancy and live birth rates than those with normal progesterone levels (64.1% vs 75.5%, 63.5% vs 72.7%, 

Table 5 Logistic Regression Analysis Focused on Pregnancy Outcomes 
Under Different Levels of Progesterone on HCG Trigger Day

Pregnancy outcomes Group 1 (n = 587) Group 2 (n = 156)

Clinical pregnancy rates Reference 0.520 (0.318–0.849)a

Live birth rates Reference 0.583 (0.358–0.949)a

Notes: Adjustment factors were maternal age, maternal BMI, infertility duration, basal 
FSH, AMH, AFC, total dose of gonadotropin, days of stimulation, and E2 levels on 
the day of HCG trigger. aRepresents p < 0.05, compared to Group 1.
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respectively; all p < 0.05). Elevated progesterone levels may affect assisted reproductive technology (ART) 
outcomes in several ways. Huang et al found that elevated progesterone levels on HCG trigger days had 
a significant negative effect on the rate of high-quality embryos (p < 0.05).26 However, some studies have 
taken the opposite approach. Based on various markers of oocyte and embryo quality, the data strongly support 
that premature progesterone elevation does not negatively influence oocyte and embryo quality.2,26,27 Therefore, 
this conclusion is yet to be confirmed in a large prospective study. In this study, there was no significant 
difference in embryo quality between the two populations, and both populations were dominated by high- 
quality blastocysts.

Elevated progesterone levels may affect endometrial tolerance. By examining the transcriptome profile of the peri- 
implantation window endometrium, Liu et al found that with high progesterone levels on HCG trigger day, the expression 
profile of genes in the endometrium, related to the natural killer cell-mediated cytotoxic pathway, was significantly 
different from the normal levels in the endometrium.28

It has been suggested that a good ovarian response might moderate the negative influence of high progesterone 
levels on the probability of pregnancy.29,30 A meta-analysis showed that for high responders, such an effect was 
exhibited only when the level of progesterone on HCG trigger day reached 1.9–3.0ng/mL.2 Furthermore, this 
study suggested that in the normo-response patients and in poor responders, a detrimental effect of PE is present 
for progesterone levels of 0.8 to 1.1ng/mL, which was consistent with this study. The present study analyzed the 
data including maternal age (30.78 ± 3.76, 30.94 ± 3.87), AMH (4.21 ± 2.92, 4.01 ± 2.85), AFC (15.42 ± 5.57, 
14.47 ± 5.13), Basal FSH (6.44 ± 1.85, 6.55 ± 1.82), and number of oocytes retrieved (12.41 ± 4.26, 
13.78 ± 4.36), suggesting that the vast majority of women in both cohorts could be classified as normo- 
response patients. However, a slight increase in progesterone (P > 1.0ng/mL) on the day of HCG trigger still 
had a negative impact on pregnancy outcome. This result suggests that an increased oocyte yield might 
compensate for the detrimental effect of progesterone on the endometrium.

Some studies have proposed that one strategy to eliminate the adverse effect of high progesterone levels on pregnancy 
outcomes is to transfer blastocysts, considering that the evidence suggests that high progesterone does not decrease 
pregnancy rates in day 5 single blastocyst transfer cycles. It was assumed that the endometrium had already significantly 
recovered from the impairment caused by supraphysiological steroid concentrations on the fifth luteal day.3 However, the 
reliability of these results has not been confirmed, and some researchers have found that high progesterone levels can 
impair IVF outcomes, even in blastocyst transfers.26,29,31,32 Another large meta-analysis did not detect a significant 
moderating effect of the developmental stage of the embryo at transfer (cleavage versus blastocyst stage) on the 
association between progesterone elevation and probability of pregnancy achievement.2 In this study, D5 single 
blastocyst transfer was used in all these women; yet, the high progesterone group (P > 1.0ng/mL) still had lower clinical 
pregnancy and live birth rates. The results of this study suggest that on the fifth luteal day, the endometrium has not 
recovered from the effects of high progesterone, and its impact on pregnancy outcome still persists.

An important strength of the present study was that it is the first study to have compared the ART outcomes between 
women with P < 1.0ng/mL and those with 1.0 < P < 1.5ng/mL under an early follicular phase prolonged protocol. In 
addition, both groups used the same COS protocol, and all underwent D5 single blastocyst transfer, avoiding the 
influence of relevant confounding factors. In addition to comparing implantation and early pregnancy rates, an extended 
comparison of the differences in live birth rates between the two groups was also performed. Another significant factor to 
consider when assessing any study on the progesterone level is the accuracy and precision of the assay.20 Internal and 
external quality control of the assays utilized in our laboratory ensured that these standards were maintained. However, 
this study has some limitations. The limitations of this study include its retrospective design and small sample size.

Conclusion
This study suggests that a slightly elevated progesterone level on HCG trigger day may have a negative effect on the 
clinical outcomes of SBT cycles under an early follicular phase-prolonged protocol.
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