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The duration of ovarian stimulation which is largely dependent on the ovarian response to hormonal stimulation may influence in vitro fertilization (IVF) outcomes. Menstrual cycle length is potentially a good indicator of ovarian reserve and can predict ovarian response. Ovarian stimulation and the follicular phase of the menstrual cycle are both processes of follicular development. There is no published research to predict the duration of ovarian stimulation based on the length of the menstrual cycle. Our retrospective cohort study included 6110 women with regular menstrual cycles who underwent their first IVF treatment between January 2015 and October 2020. Cycles were classified according to quartiles of the ratio of ovarian stimulation duration to original follicular phase length (OS/FP). Multivariate generalized linear models were applied to assess the association between OS/FP and IVF outcomes. The odds ratio (OR) or relative risk (RR) was estimated for each quartile with the lowest quartile as the comparison group. OS/FP of 0.67 to 0.77 had more retrieved and mature oocytes (adjusted RR 1.11, 95% confidence interval [CI] 1.07–1.15, p for trend = 0.001; adjusted RR 1.14, 95% CI 1.09–1.19, p for trend = 0.001). OS/FP of 0.67 to 0.77 showed the highest rate of fertilization (adjusted OR 1.11, 95% CI 1.05–1.17, p for trend = 0.001). OS/FP > 0.77 had the lowest rate of high-quality blastocyst formation (adjusted OR 0.81, 95% CI 0.71–0.93, p for trend = 0.01). No apparent association was noted between OS/FP and clinical pregnancy, live birth, or early miscarriage rate. In conclusion, OS/FP has a significant effect on the number of oocytes, fertilization rate, and high-quality blastocyst formation rate. MCL could be used to predict the duration of ovarian stimulation with an OS/FP of 0.67 to 0.77, which provides a new indicator for the individualized clinical optimization of the trigger time.
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Introduction

In recent years, the prevalence of infertility has gradually increased, and assisted reproductive technology (ART) has emerged as the main method to solve intractable infertility. The menstrual cycle is a crucial clinical reference for female reproductive health; it repeats approximately 500 times over the reproductive lifespan, which lasts about 35 to 40 years (menarche to menopause) (1). The median menstrual cycle length (MCL) is 28 days, and most cycles are between 21 and 35 days in length. The menstrual cycle can be separated into two stages: the follicular or proliferative phase and the luteal or secretory phase. The follicular phase accounts for 84% of the variation in MCL (2), whereas the luteal phase is relatively constant at approximately 14 days (3). Epidemiological data demonstrate that menstrual cycles vary in length and regularity and are affected by age, ethnicity, body mass index (BMI), and behavioral, occupational, and environmental factors (4, 5).

Controlled ovarian stimulation (COS) is a key component of successful ART treatment which aims to achieve the synchronized development of multiple follicles in a menstrual cycle (6). Compared with traditional COS methods, personalized ovarian stimulation has a more positive effect on in vitro fertilization (IVF) outcomes (7, 8). Serum anti-Mullerian hormone (AMH) and antral follicle count (AFC) are the most reliable contemporary indicators currently employed to assess ovarian reserve before ovarian stimulation in clinical practice and are highly sensitive and specific in detecting the quantitative aspects of ovarian reserve, including ovarian responsiveness (9, 10). Moreover, MCL is potentially a good indicator of ovarian reserve; a short MCL of 21–27 days, compared with one of 28–31 days, is associated with lower AMH and AFC, reduced fecundability in natural cycles, and poor IVF outcomes (11). MCL correlates with both the quantitative and qualitative aspects of ovarian reserve and may be employed as an earlier, more subtle sign of ovarian aging relative to physiological age (12). In addition, studies have shown that MCL can predict low and high ovarian responses in ART (13–15).

Clinicians may struggle with the actual trigger time, such as the presence of large lead follicles with numerous small follicles at the same time. Several studies have investigated the effects of ovarian stimulation duration and gonadotropin dose on IVF outcomes, but the results are inconsistent (16–25). The process of ovarian stimulation is similar to the follicular phase of the menstrual cycle, and the duration of ovarian stimulation is largely dependent on the ovarian response to hormonal stimulation. We hypothesized that the MCL may be used to predict the duration of ovarian stimulation and that a more favorable IVF outcome would be achieved when the MCL and the duration of ovarian stimulation are within a certain quantitative relationship.

Our study aimed to investigate the effects of the relationship between the duration of ovarian stimulation and the duration of the previous menstrual cycle on IVF/ICSI outcomes and provide a novel index for controlling the duration of ovarian stimulation and optimising the clinical determination of trigger time.



Materials and Methods


Inclusion and Exclusion Criteria

A total of 6110 women with regular menstrual cycles who underwent their first fresh IVF/ICSI cycle at the reproductive centre of Shengjing Hospital in Shenyang, China, between January 2015 and October 2020 were recruited in this study. The infertility diagnosis was assigned according to previously described definitions of the Society for Assisted Reproductive Technology (26). As shown in Figure 1, the inclusion criteria were as follows (1): women between the ages of 20 and 40 years (2); MCL between 21 and 35 days (3); couples diagnosed with infertility (failure to conceive with unprotected intercourse for 12 months or longer) (4); IVF/ICSI indications including unexplained infertility, tubal factors, or a male factor (including oligospermia, asthenospermia, or obstructive azoospermia); and (5) minimum AMH threshold of 1 ng/ml (We excluded women with low ovarian reserve with a cut-off of AMH <1 ng/mL for diminished ovarian reserve (DOR) which was consistent with studies reporting age-specific normal values (27, 28). We did not use DOR diagnosis by the Society for Assisted Reproductive Technology (SART) in our study as it has been shown that DOR is overdiagnosed in the SART reporting system (29).). Those with cycles involving donor oocytes, preimplantation genetic diagnosis, preimplantation genetic screening, or incomplete records were excluded. Women who were diagnosed with polycystic ovary syndrome, ovarian endometriosis, or other ovarian diseases were also excluded. Information on demographics, medical history, and clinical data were extracted from electronic medical systems. Our study was approved by the Ethics Committee of the Shengjing Hospital of China Medical University (2021PS001F), and the requirement of obtaining informed consent was waived owing to the retrospective nature of the study.




Figure 1 |  A flowchart of data preparation for analysis.





Ovarian Stimulation and the IVF/ICSI Procedure

Prior to the IVF cycle, women who underwent ovarian reserve testing were allocated to one of three ovarian stimulation types as clinically indicated, which included the long-term, short-term, or antagonist protocol. The women’s serum oestradiol (E2), luteinizing hormone, follicle sizes, and follicle counts were monitored during ovarian stimulation. Subcutaneous recombinant follicle stimulating hormone (Gonal-f NGPEN, Merck Serono, Germany) or human menopausal gonadotropin (MENOPUR, Ferring, China) was administered with a combined daily dose of 150-300 IU. Ovulation was triggered with hCG (Crinone, Merck Serono, Germany) when three or more follicles reached ≥ 18 mm in diameter. Thirty-six to thirty-eight hours after the hCG trigger, a transvaginal ultrasound-guided oocyte aspiration was performed. The oocytes were then retrieved and fertilized using IVF/ICSI procedures based on the semen quality. One blastocyst or two cleavage embryos were transferred on the third or fifth day after fertilization. Progesterone was administered for luteal support after oocyte retrieval.



Outcome and Embryo Quality Assessment

The numbers of retrieved mature oocytes (metaphase II, MII), oocytes with two pronuclei, and good-quality embryos were evaluated by embryologists. The fertilization rate, defined as the number of oocytes with two pronuclei divided by the number of oocytes inseminated, was determined 17–20 hours after insemination. On day 3, the Peter scoring system (30, 31) was used to assess the quality of the embryos based on the size, shape, and fragmentation of the blastomeres. Embryos with 6–10 cells, even size, regular shape, and < 20% fragmentation were considered good-quality embryos. At the blastocyst stage, the embryos were evaluated using the Gardner system (1): blastocysts were rated as grades 1–6 according to the extent of blastocyst expansion and hatching, and (2) further A–C scores were assigned to grade 3–6 blastocysts based on the number and cohesiveness of the inner cell mass and trophectoderm. A high-quality blastocyst was defined as having a grade ≥ 3BB on day 5 or ≥ 4BB on day 6. The proportion of blastocysts and high-quality blastocysts formed was evaluated.

We defined biochemical pregnancy as a serum β-hCG level > 30 mIU/mL on day 14 after embryo transfer. Clinical pregnancy was defined as the presence of an ultrasound-confirmed intrauterine pregnancy 35 days after embryo transfer. A miscarriage was the spontaneous loss of pregnancy before 12 weeks of gestation. A live birth was referred to a newborn delivered on or after 24 weeks of gestation. The primary outcomes were clinical pregnancy and live birth. Retrieved oocytes, fertilization rate, and embryo quality were considered intermediate outcomes.



Data Classification and Statistical Analyses

The MCL was determined by calculating the average length of the menstrual cycle for the three months prior to the consultation without any hormonal stimulation. Follicular phase length was calculated by subtracting 14 days from the MCL. Patients were classified by quartiles of the ratio of the duration of ovarian stimulation to the follicular phase length (OS/FP) (Supplementary Table 1).

The demographic and clinical characteristics of the participants were reported using mean ± SD or percentages. Associations between categorical variables were analyzed using chi-squared tests or Fisher’s exact tests when one or more cell counts were ≤ 5. Comparisons between various variables and quartiles of the OS/FP were performed using the Kruskal–Wallis test, and the Bonferroni correction was used to account for the increase in type I error. Multivariate generalized linear models were applied to assess the association between OS/FP and IVF outcomes. A Poisson distribution with log link function was used to test the association between the numbers of total and mature oocytes, and a binomial distribution with logit link function was used for fertilization rate, quality of each embryo, and pregnancy outcomes. Overall linear trends were tested across quartiles using the classification number as a continuous variable. The odds ratio (OR) of fertilization, embryo quality, and pregnancy outcomes were estimated for each quartile with the lowest quartile as the comparison group. The relative risk (RR) for the numbers of retrieved oocytes and mature oocytes were estimated for each quartile with the lowest quartile as the comparison group. An RR or > 1 denotes an increase in the prevalence risk and odds of the target events as the ratio between the duration of ovarian stimulation and the follicular phase length increases by one quartile. Moreover, nomograms of fertilization and high-quality blastocyst were developed based on corresponding independent significant factors. Internal validation was performed using the bootstrap method. C-index and calibration curves were used to assess predictive and discriminatory capacity.

Covariates including age (years), BMI (kg/m2), smoking status, fertility status (primary infertility or secondary infertility), etiology of infertility (male factor, female factor, mixed factor, or unexplained infertility), AMH (ng/mL), ovarian stimulation type (long GnRH-agonist, short GnRH-agonist, or GnRH-antagonist), initial gonadotropin dose (IU) and insemination methods (IVF or ICSI) (32) were collected. The variables included in the final model were statistically significant variables (p < 0.15) of the outcomes or those with critical biological significance, such as age and BMI (33). We further assessed the effects of OS/FP on IVF outcomes across female age (≤ 30, 30–35, > 35) and ovarian stimulation types (long GnRH-agonist or GnRH-antagonist) using subgroup analysis. Statistical Package for Social Sciences software (SPSS, version 22.0; Chicago, IL, USA) was used for all statistical calculations. Nomograms were formulated using the package “rms” in R software, version 3.6.3. (http://www.r-project.org/). All reported p values were based on two-sided tests and compared with a significance level of 5%.




Results

In this study, 6110 women who underwent IVF/ICSI treatment for the first time were included. Their mean age and BMI were 31.5 ± 3.9 years and 22.7 ± 3.3 kg/m2, respectively, and 180 (2.9%) women were obese (BMI ≥ 30 kg/m2) (Supplementary Table 2). A total of 2747 (45.0%) women had a history of pregnancy; 436 (7.1%) had a history of live birth; and 2019 (33.0%) had a history of miscarriage. The number of women with a university degree or higher was 2391 (39.1%). The majority of women had never smoked, and only 102 (1.6%) smoked before pregnancy. Secondary infertility was noted in 2424 (39.7%) women. Moreover, the following diagnoses were identified: female factor infertility, 3119 (51.0%); male factor infertility, 1276 (20.9%); mixed male and female factor infertility, 1506 (24.6%); and unexplained infertility, 209 (3.4%). IVF and ICSI were used for fertilization by 3831 (62.7%) and 2279 (37.3%) couples, respectively. A total of 2812 (46.0%) couples had embryos cultured to blastocyst stage. In this cycle, 2648 (43.3%) women had fresh embryos transferred, of which 1258 (47.5%) had clinical pregnancies and 942 (35.6%) had live births.

The clinical and reproductive characteristics of the women are shown in Table 1 according to the quartiles of OS/FP. OS/FP < 0.57 had higher AMH levels, a longer MCL and menstrual bleeding duration than OS/FP ≥ 0.77. No differences were noted among the four groups in terms of age, BMI, fertility history, education, smoking, age at menarche, etiology for infertility, and fertilization method. In terms of ovarian stimulation, more women with OS/FP < 0.57 and OS/FP of 0.57 to 0.67 used the GnRH-antagonist protocol for ovulation. The largest proportion of women with OS/FP of 0.67 to 0.77 and OS/FP ≥ 0.77 used the long GnRH-agonist protocol for ovulation. OS/FP ≥ 0.77 had a higher initial gonadotropin dose, a higher total gonadotropin dose, and a higher duration of ovarian stimulation than OS/FP < 0.57. No significant differences were noted in good-quality embryos, blastocyst formation, clinical pregnancy, live birth rate, miscarriage, or ectopic pregnancy rate among the four groups. OS/FP of 0.67 to 0.77 had the highest number of retrieved oocytes (12.6 ± 7.1) and cleaved embryos (8.3 ± 5.0), OS/FP > 0.77 had the highest fertilization rate (70.4 ± 22.4) and OS/FP of 0.57 to 0.67 had the highest rate of high-quality blastocyst formation (36.6 ± 27.2) (Table 2).


Table 1 | Demographic and clinical characteristics of all the participants (N = 6110).




Table 2 | Cycle Characteristics of all the participants (N = 6110).



The effects of OS/FP on the number of retrieved and mature oocytes in the corrected multivariate model are described in Table 3. OS/FP ≥ 0.57 had more retrieved and mature oocytes than OS/FP < 0.57, and OS/FP of 0.67 to 0.77 achieved the most (adjusted RR = 1.11, 95% confidence interval [CI]: 1.07–1.15, p for trend = 0.001). In a stratified analysis of age and ovarian stimulation type, OS/FP had a significant effect on the number of retrieved and mature oocytes in women of different ages and ovarian stimulation types (p for trend < 0.001) (Supplementary Tables 3, 4).


Table 3 | Associations of OS/FP with ovarian response (N = 6110).



Embryos from 3217 couples continued to be cultured, and a total of 2812 couples had embryos forming blastocysts. The relationship between OS/FP and fertilization rate as well as embryo development is shown in Table 4. Fertilization rate were higher in OS/FP of 0.67 to 0.77 than in OS/FP < 0.57 (adjusted OR=1.11, 95% CI: 1.06–1.17, p for trend=0.001). In the age-stratified analysis, the effect of OS/FP on fertilization rate was predominantly present in women of 30 to 35 and >35 years of age (adjusted OR=1.11, 95% CI: 1.01–1.20, p for trend=0.022; adjusted OR=1.27, 95% CI: 1.10–1.48, p for trend=0.001) (Supplementary Table 5). Moreover, the role of OS/FP on fertilization rate was mainly found in the long GnRH-agonist protocol (Supplementary Table 6). Good-quality embryo rate were lower in OS/FP > 0.77 than in OS/FP < 0.57 (adjusted OR=0.90, 95% CI: 0.82–0.98, p for trend=0.013) which only present in women of 30 to 35 years of age (Supplementary Table 5). No significant differences were found in blastocyst formation rate among the four groups. High-quality blastocyst formation rate were lower in OS/FP ≥ 0.77 than in OS/FP < 0.57 (adjusted OR=0.84 95% CI: 0.73–0.96, p for trend=0.01) (Table 4). The effects of OS/FP on high-quality blastocyst formation rate were mainly present in women between 30 to 35 years of age (Supplementary Table 5). The predictive accuracy and discriminatory capacity of nomograms for fertilization and high-quality blastocyst were low (Supplementary Figures 1–4). The corresponding C-indexes were 0.571 and 0.574, respectively.


Table 4 | Adjusted fertilization, day 3 good-quality embryos, blastocyst formation and high-quality blastocyst (95% CI) by quartile of OS/FP (N = 6110). .



A total of 2753 women had transferred embryos in this fresh cycle. The relationship between OS/FP and pregnancy outcomes is demonstrated in Table 5. No significant differences were found in clinical pregnancy rate, live birth rate, and early miscarriage rate among the four groups. OS/FP was not associated with pregnancy outcomes in the stratified analyses of age and ovarian stimulation type (Supplementary Tables 7, 8).


Table 5 | Clinical pregnancy, live birth and early miscarriage (95% CI) by quartile of OS/FP (N = 2683).





Discussion

In this study, OS/FP was observed to have an effect on IVF outcomes in women with regular menstrual cycles undergoing IVF for the first time. In particular, women with OS/FP of 0.67 to 0.77 were able to obtain more oocytes, and had the highest rate of fertilization. With regard to embryos, women with OS/FP higher than 0.77 had the lowest high-quality blastocyst formation rate. OS/FP had no correlation with clinical pregnancy rate, live birth rate or miscarriage rate in the first fresh cycles.

Interestingly, the effects of OS/FP on the rate of good-quality embryos and high-quality blastocyst formation are only present in women of 30 to 35 years of age. A woman’s age has a significant effect on ovarian sensitivity, ovarian responsiveness to exogenous gonadotropin, oocyte quality, embryo-related parameters, and IVF outcomes (34–36). Thus, we speculated that such changes would mask the correspondence between the duration of ovarian stimulation and the follicular phase length in the natural state.

Regular menstrual cycles are often considered to allow spontaneous ovulation; this may sometimes be incorrectly interpreted as an indicator of female fertility. As women age, MCL gradually shortens and variability decreases which is a more sensitive indicator of ovarian aging than physiological age (11). As ovaries age, the resting pool of primordial ovarian follicles gradually diminishes, the cohort of recruited growing follicles declines, and the secretion of inhibin B by granulosa cells decreases, leading to a higher secretion of FSH and an earlier onset of follicular development; thus, ovulation occurs earlier and the follicular phase is shorter.

Predicting ovarian responsiveness to gonadotropin is one of the most important procedures in ART treatment which can optimise the success of treatment. AFC in combination with AMH is generally accepted as a useful method to assess ovarian responsiveness (9, 10). However, in clinical practice, patients with the same AMH levels have exhibited varying ovarian responsiveness. The ovarian response to hormone stimulation varies considerably among women with an AMH level below 1.1 ng/mL (low ovarian responders) and is strongly correlated with MCL (12). Recent evidence demonstrated that long MCLs are related to more antral follicular waves and higher ovarian responses (14, 15). Conversely, short MCLs are associated with poor responses to ovarian stimulation, a marker of ovarian aging (13). Furthermore, MCLs are associated with the number of retrieved oocytes and clinical pregnancy rate in IVF (11), whereas AMH cannot be used as a predictor of oocyte quality or clinical pregnancy outcomes (37). Therefore, MCL is likely to be a better biomarker than AMH for predicting the ovarian response. According to our results, clinicians can estimate the range of ovarian stimulation duration by calculating the original length of the follicular phase to obtain more mature oocytes. In addition, when the duration of ovarian stimulation exceeded 0.77 fold of the original follicular phase length, it may lead to a decrease in embryo quality. The potential underlying mechanism was probably that exposure to high doses of gonadotropins caused chromosomal abnormalities in oocytes and increased the aneuploidy rate of granulosa cells (38, 39).

Previous publications revealed conflicting results when investigating the relationship between the duration of ovarian stimulation and IVF outcomes. Although some studies support the association between prolonged gonadotropin stimulation and poor pregnancy outcome (17, 20, 22), some argue that there is no connection (15, 24), while some have obtained negative correlations (23). The lack of consensus is likely due to a lack of standardized cut-off points for ovulation duration, a small sample size, or failure to correct for confounding factors other than age. The studies which suggest that a longer ovarian stimulation duration is associated with lower live birth rate defined a long ovarian stimulation duration as one that is longer than 13 days, which represents a very small proportion of women, thereby increasing the probability of a positive result.

A major strength of our study is that we demonstrated the possibility of predicting the duration of ovarian stimulation by the MCL. MCL is easy to obtain and does not require any invasive tests, the duration of ovarian stimulation can be individually adjusted according to MCL. Furthermore, In contrast to other studies that used 8 and 12 days as time points for ovarian stimulation, our study limited the optimal choice to a fluctuating range of 1-2 days.

However, this study has several limitations. Only the first fresh cycles were considered in this study. Although we did not observe an effect of OS/FP on clinical pregnancy and live birth rates, previous studies have demonstrated that access to more mature oocytes and high quality embryos improved cumulative pregnancy rates (40, 41). In addition, clinicians may freeze all embryos in fresh cycles because of the moderate or severe ovarian hyper-stimulation syndrome (OHSS), elevated progesterone levels on the day of hCG trigger, low oocyte acquisition, or poor embryo quality (42). Women with extremely high or low OS/FP were subsequently less prone to undergo fresh embryo transfer, and this bias was relatively large, which may lead to the failure to determine the effect of OS/FP on clinical outcomes.

Recent studies have found that the live birth rate in fresh cycles increases with an increasing number of retrieved oocytes, with a plateau occurring when the number of retrieved oocytes reaches 15 or more, and the cumulative live birth rates for both fresh and frozen cycles consistently increase with an increasing number of retrieved oocytes, without a plateau (40, 43–45). The incidence of severe OHSS also increases with an increasing number of retrieved oocytes, especially when the number of retrieved oocytes reaches 18 and above, and the incidence of thromboembolism also increases significantly when the number of retrieved oocytes is more than 15 (46). In this study, women with OS/FP of 0.67 to 0.77 had access to more oocytes, but when the number of follicles (> 14 mm) reached 15 and above, an appropriate reduction in the duration of ovarian stimulation was considered depending on the length of the follicular phase to reduce the possibility of OHSS and thromboembolism. In addition, when patients have a diminished capacity for oocyte and embryo development, clinicians are required to optimize the ovarian response to gonadotropin by accurately estimating the ovarian reserve to customize an appropriate strategy to collect the maximum number of oocytes (47). Therefore, when the number of follicles (> 14 mm) is below or equal to 5, it may be beneficial to optimize the duration of ovarian stimulation to obtain more oocytes depending on the length of the follicular phase.

Overall, we present a new clinically valuable parameter, OS/FP, which can affect the number of retrieved oocytes, fertilization rate, and embryo quality. The trigger time can be easily optimized by referring to the length of the woman’s original follicular phase. Future studies will need to explore the role of OS/FP in ART through further expansion of the sample size and interventional studies to reveal the underlying mechanisms and consequently provide guidance for clinicians to optimize the appropriate trigger timing.
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*P values were calculated from nonparameter test (Kruskal-Wallis) or 2 test.
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“Models were adjusted for maternal age, BMI, E2-HCG, P-HCG, gonadotropin initial dose, IVF/ICSI techniques, and the number of embryos transferred.
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A total of 2648 participants tranferred embryos.

*P < 0.05, **P < 0.01. The P value is for the overall trend.





