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Objectives

To evaluate the combined impact of male and female BMI on cumulative pregnancy outcomes after the first ovarian stimulation.



Design

Retrospective cohort study.



Setting

University-affiliated reproductive medicine center.



Patients

A total of 15,972 couples undergoing their first ovarian stimulations from June 2009 to June 2016 were included. During the follow-up period between June 2009 and June 2018, 14,182 couples underwent a complete ART cycle involving fresh embryo transfer and subsequent frozen embryo transfers (FETs) after their first ovarian stimulations. Patients with a BMI <24 kg/m2 served as the reference group. Patients with a BMI ≥ 24 kg/m2 were considered to be overweight, and those with a BMI ≥28 kg/m2 were considered to be obese.



Intervention(s)

None.



Primary Outcome Measure

The primary outcome was the cumulative live birth rate (CLBR), which defined as the delivery of at least one live birth in the fresh or in the subsequent FET cycles after the first ovarian stimulation.



Results

In the analyses of females and males separately, compared with the reference group, overweight and obese females had a reduced CLBR (aOR 0.83, 95% CI 0.7.92 and aOR 0.76, 95% CI 0.64–0.90). Similarly, overweight males had a reduced CLBR (aOR 0.91, 95% CI 0.83–0.99) compared with that of the reference group. In the analyses of couples, those in which the male was in the reference or overweight group and the female was overweight or obese had a significantly lower CLBR than those in which both the male and female had a BMI <24 kg/m2.



Conclusions

The CLBR is negatively impacted by increased BMI in the female and overweight status in the male, both individually and together.
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Introduction

Overweight and obesity are defined as abnormal or excessive fat accumulation that threatens the health of the individual. A body mass index (BMI) over 25 kg/m2 is considered overweight, and a BMI over 30 kg/m2 is considered obese. The BMIs of Asian populations is generally lower than those of non-Asian populations (1). The World Health Organization (WHO) has predicted that approximately 20% of adults worldwide will be obese in 2025. An elevated BMI is a crucial risk factor for noncommunicable diseases, including cardiovascular diseases, musculoskeletal disorders and certain types of cancer. An increased BMI may also place women at risk for impaired fertility and adverse pregnancy outcomes, especially among couples seeking assisted reproductive technology (ART) (2–4). The obesity state can elevate proinflammatory adipokines through adipose tissue inflammation, such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α) and free fatty acids (FFAs), which can induce both insulin resistance and compensatory hyperinsulinism (5). Hyperinsulinemia contributes to excess androgen, which is aromatized to estrogen in expansive adipose tissue (6). Raised estrogen levels lead to ovulatory dysfunction through a negative feedback mechanism within the HPO axis. The deleterious impact of a high female BMI on ART outcomes has been extensively studied (7) and systematically reviewed in the clinic (8). However, the couple rather than the individual is the object of interest in IVF treatment for sterile couples. Therefore, the importance of the male partner in couple fecundity should not be neglected, and assessing both male and female BMI is particularly necessary. Our previous study showed that couples with a higher female BMI had a lower live birth rate (LBR) than those with a normal BMI in IVF cycles (9). Similarly, Petersen et al. found that higher BMIs among couples negatively affect the LBR (10). Even if pregnancy is successful after ART treatment, McPherson et al. found that the combination of both maternal and paternal preconception overweight/obesity has a greater impact on infant birthweight (11). However, these studies were all limited by their lack of evaluations of the cumulative live birth rate (CLBR), an indicator of ART success that has been highly recommended in recent years (12). Furthermore, these studies have evaluated the relationship between BMI and CLBR in females only (13) while paying little attention to the relationship between BMI and CLBR in males (14). Therefore, we aimed to evaluate the combined impact of female and male BMI on cumulative pregnancy outcomes after the first ovarian stimulation.



Materials and Methods


Patients

This was a retrospective cohort study performed at a single reproductive medicine center of a university affiliated hospital fertility center. Data were collected from the Clinical Reproductive Medicine Management System/Electronic Medical Record Cohort Database (CCRM/EMRCD) at the Reproductive Medical Center, First Affiliated Hospital of Zhengzhou University, and the Henan Province Key Laboratory for Reproduction and Genetics. Cycles were excluded if either or both of the couples had an abnormal karyotype. We also excluded cycles with donor oocytes or sperm and excluded preimplantation genetic testing for aneuploidy (PGT-A) cycles, preimplantation genetic testing for monogenic/single gene defect (PGT-M) cycles, and preimplantation genetic testing for chromosomal structural rearrangement (PGT-SR) cycles. Cycles with no viable embryos were also excluded.

From June 2009 to June 2016, a total of 15,972 couples undergoing their first ovarian stimulation (IVF/ICSI) were screened for inclusion. Our follow-up period was from June 2009 to June 2018 with a minimum of 2 years of follow-up to observe whether the patients achieved live birth in the fresh cycle or subsequent frozen embryo transfer (FET) cycle. In total, 14,182 couples underwent a complete IVF treatment cycle during the follow-up period. A complete IVF treatment cycle was defined as achieving at least one live birth in the fresh or subsequent FET cycle with or without embryos remaining afterward or as not achieving a live birth after using all viable embryos. In total, 1,790 couples with remaining frozen embryos from the first ovarian stimulation discontinued fertility treatment due to personal factors after failing to achieve a live birth. Therefore, we analyzed cumulative pregnancy outcomes among the 14,182 couples. This study was authorized by the Institutional Review Board and Ethics Committee of the First Affiliated Hospital of Zhengzhou University. All the participants signed written informed consent forms.



Dataset

BMI was calculated from information on weight and height at the initial consultation. According to the BMI guidelines for the Chinese population (1), we divided the female and male samples separately into three groups: reference group (BMI<24 kg/m2), overweight group (BMI≥ 24 kg/m2) and obese group (BMI≥ 28 kg/m2). For the couples analysis, we combined the females and males according to the BMI group.



Ovarian Stimulation Schemes

The protocols were formulated according to the day of the patient’s menstrual cycle when she visited the hospital. A patient who was in the follicular phase was injected with triptorelin depot (decapeptyl 3.75 mg; Ipsen Pharma, France) intramuscularly on days 2–3 of the menstrual cycle. Pituitary downregulation was achieved after 28–42 days (E2 < 50 pg/ml, LH < 3 mIU/ml and ovarian cysts less than 10 mm). Patients who were in the luteal phase were injected with triptorelin (Ferring GmbH, 0.1 mg, Switzerland; Ipsen Pharma Biotech, 0.1 mg, France) intramuscularly during the midluteal phase, and 10 days later, the dose was decreased to 0.05 mg/d until pituitary downregulation (E2 < 50 pg/ml, LH<3 mIU/ml and ovarian cysts less than 10 mm) was achieved. Follicle-stimulating hormone (FSH) was used to start ovarian hyperstimulation (Gonal-F, Serono, Puregon, Netherlands, u-FSH, Livzon). The initial dose was dependent on the patient’s characteristics and antral follicle count (AFC), and the subsequent dose was adjusted according to follicle development and hormone levels. Human menopausal gonadotropin (HMG, Livzon) was added if needed. Oocyte maturation was triggered by 2000 IU of human chorionic gonadotropin (hCG, Livzon) and recombinant human chorionic gonadotropin (Merck Serono, Italy) when the maximal follicle diameter was more than 20 mm and when more than 2/3 follicles were >16 mm in diameter. Oocyte retrieval was performed 36–37 hours after hCG administration and with transvaginal ultrasound guidance. The insemination method was chosen based on sperm parameters. Then, the patient underwent embryo transfer (ET) (day-3 cleavage-stage embryos or day-5 blastocysts); however, patients at risk for ovarian hyperstimulation syndrome (OHSS), those with progestin suppression of the LH surge and those requiring fertility preservation underwent whole-embryo cryopreservation. Luteal phase support was sustained with progesterone vaginal gel (Merck Serono, Switzerland) at a dose of 90 mg/day from the day of ovum pick-up (OPU).

Endometrial preparation schemes for FET in the current study included natural cycles and artificial (estrogen (E)-P) cycles. The detailed procedures are described in our previous report (15).



Outcomes

The primary outcome was the cumulative live birth rate, defined as the delivery of at least one live birth in the fresh or in the subsequent FET cycles, and only the first live birth event was considered in the analysis. Live birth was defined as the delivery of an infant after at least 24 weeks’ gestational age. The secondary outcome was the cumulative clinical pregnancy rate (CCPR) calculated based on observations of a gestation sac by B-mode ultrasound 35 days after ET.



Statistical Analysis

SPSS (Statistical Package for Social Science, SPSS Inc., Chicago, IL, USA) version 26.0 was used for data analysis. Continuous variables are presented as the mean ± SD, and differences between groups were compared by means of one-way ANOVA. Categorical variables are presented as frequencies (percentages) and were compared using the chi-square test. All tests were two-sided, and statistical significance was defined as P<0.05.Pairwise comparisons between all adjacent groups were performed with the Bonferroni correction, and P<0.05/3 was set as a significant difference. Logistic regression was performed for the pregnancy outcomes. The results are presented as the adjusted odds ratio (aOR) and 95% confidence interval (CI).




Results

In total, 15,972 couples underwent their first ovarian stimulations, 14,182 (88.8%) of these couples underwent a complete ART cycle, and 1,790 (11.2%) discontinued fertility treatment. Therefore, we analyzed cumulative pregnancy outcomes among the 14,182 couples; of these couples, 11,257 achieved at least one live birth, and 2,925 did not achieve a live birth after using all of their frozen embryos from the first ovarian stimulation (Figure 1).




Figure 1 | Flowchart of patient selection. A complete ART treatment cycle is defined as achieving at least one live birth in the fresh cycle or subsequent frozen embryo transfer (FET) cycles with or without embryos remaining afterward or is defined as not achieving a live birth after using all fresh and frozen embryos.



Table 1 shows the clinical characteristics of the study population according to sex and BMI. The average age of the males was significantly higher in the overweight group than in the other groups (P<0.05). The average age of the females was significantly lower in the reference group (P<0.05), but there was no difference in age between the overweight group and obese group (P>0.05). Reference group showed higher baseline serum FSH and LH levels and lower AFC than the other groups(P<0.05). Regarding the cause of infertility, polycystic ovary syndrome (PCOS) was significantly more common among females in the overweight and obese groups than in the reference group (P<0.05).


Table 1 | Clinical characteristics of the study population according to sex and body mass index.



Table 2 shows the treatment and pregnancy outcomes according to sex and BMI. Among females, the three groups were comparable in terms of the numbers of oocytes retrieved, insemination method and CCPR (P>0.05). The Gn dose differed between the groups, and the highest dose was administered in the obese group (P<0.05). The CLBRs of the overweight group and obese group were comparable (77.6% vs. 77.2%, P>0.05) and significantly lower than that in the reference group (80.1%, P<0.05). Among males, although the difference in terms of the CCPR and CLBR between the three groups was statistically significant per the chi-square test, there was no statistically significant difference between any two groups after the Bonferroni correction (reference vs. overweight vs. obese, CCPR: 84.0% vs. 82.8% vs. 84.8%, CLBR: 79.9% vs. 78.4% vs. 80.3%, P<0.05).


Table 2 | Treatment and pregnancy outcomes according to sex and body mass index.



Table 3 shows the results of the multilevel analysis according to female and male BMI. After adjustments were made for confounders, an increased female BMI was associated with worse pregnancy outcomes after the first ovarian stimulation. The obese group had worse results than the overweight group. Compared with the reference group, the overweight and obesity groups had 17% (95% CI 0.75–0.92) and 24% (95% CI 0.64–0.90) reductions in CLBR and 12% (95% CI 0.79–0.98) and 25% (95% CI 0.62–0.90) reductions in CCPR, respectively. Similar tendencies were seen among males in the overweight group compared with males in the reference group, with a 9% (95% CI 0.83–0.99) reduction in CLBR. The effect of male obesity on the CLBR was not statistically significant (P>0.05).


Table 3 | Results from logistic regression analyses of pregnancy outcomes in IVF/ICSI cycles according to sex and stratified by body mass index (BMI).



Table 4 shows the results of the multilevel analysis of pregnancy outcomes based on the combined female and male BMI. The association persisted after adjustments for confounding factors. The reference group (couples with BMI<24 kg/m2) accounted for the largest proportion (31.3%). As shown in the findings from the separate analysis of females and males in Table 3, couples with an overweight or obese female (with any male BMI status) had a significantly lower CLBR than couples in which both the male and female had a BMI <24 kg/m2, but the reductions in aORs were not statistically significant for couples with male obesity. Among couples with a male BMI <24 kg/m2, those with female obesity had a significantly lower CLBR than couples with an overweight female [aOR (95% CI): 0.69 (0.52–0.92) vs. 0.83 (0.70–0.97), P<0.05]. Similarly, among couples with an overweight male, those with female obesity had a lower CLBR than those with an overweight female [aOR (95% CI): 0.73 (0.55–0.95) vs. 0.78 (0.67–0.90), P<0.05]. Couples consisting of an obese male and an overweight or obese female had a decreased CLBR compared with those consisting of a female from reference group [aOR (95% CI): 0.84 (0.68–1.04) vs. 0.84 (0.59–1.19) vs. 1.04 (0.90–1.21), respectively], though the P value was >0.05. The results were worse in the group in which both members of the couple were overweight, rather than only than female [aOR (95% CI): 0.78 (0.67–0.90) vs. 0.83 (0.70–0.97), P<0.05].


Table 4 | Results from logistic regression analysis of joint couple BMI on pregnancy outcomes in IVF/ICSI cycles.





Discussion

In summary, the major finding of this study was that both in the separate and combined analyses, increased female BMI and overweight in males adversely affected the cumulative pregnancy outcomes after the first ovarian stimulation, leading to decreases in the CLBR.


Effects of Female Overweight/Obesity on the CLBR

In our study, females with an increased BMI had a significantly lower CCPR and CLBR, which showed a downward trend when the female was obese compared with when she was overweight. The negative effects of increased female BMI on pregnancy outcomes have been well established in prior work. For example, a 2019 systematic review showed that compared with normal-weight women, overweight women had a lower probability of giving birth following IVF [RR: 0.94; 95% CI: (0.91–0.97)], and women with obesity had a significantly lower LBR [RR: 0.85; 95% CI: (0.84–0.87)] (8). A similar result has been reported in other observational studies; specifically, Kawwass et al. (4) showed that in a retrospective cohort study (494,097 fresh autologous IVF cycles), compared with normal-weight women, women with obesity had a significantly lower probability of intrauterine pregnancy and live birth. In another retrospective analysis of 239,127 fresh IVF cycles, Provost et al. (7) reported that there was a significant decrease in CPR and LBR as BMI increased.

The aforementioned studies did not evaluate the association between female BMI and CLBR.A recent study about the correlation between female BMI and CLBR showed that the CLBR in overweight and obese patients decreased significantly compared with normal weight patients (13). In our previous study, we also found that overweight and obesity were associated with a decreased CCPR and CLBR in both women with PCOS and women with tubal factor infertility (16). Consistent with our findings, an American study conducted by Goldman et al. (17) showed that women with overweight, class III obesity or superobesity had progressively lower CLBRs [HR (CI): 0.96 (0.93–0.99), 0.76 (0.68–0.85), and 0.41 (0.26–0.63), respectively]. The same results were also reported by Toftager et al. (18) and Hu et al. (14) found that females with obesity had a lower CCPR and CLBR than females who were overweight.



Effects of Male Overweight/Obesity on CLBR

Regarding males in this study, CLBR was significantly negatively influenced only by overweight. To our knowledge, the effect of male BMI on ART outcomes is contradictory, especially for CLBR. For example, some studies have reported the negative effect of a higher male BMI on pregnancy outcomes (9, 19), while Umul et al. (20) and Merhi et al. (21) have reported no effect. Hu et al. (14) found no significant correlation between paternal BMI and CLBR in a multiple regression model, whereas paternal overweight had a negative impact on the CLBR in women over 35 years old. Nevertheless, we failed to observe a significant difference in the effect of male obesity on cumulative pregnancy outcomes. It may be that the number of obese males was relatively small (41.2% in the reference group, 41.9% in the overweight group, and 16.8% in the obese group), which led to a statistically undetectable difference. Next, because of the inherent limitations of retrospective data, we were unable to set an exclusion criterion that was strictly standard for males, which may contribute to selection bias. In addition, we did not have information about sperm, which is a potential confounder affecting the CLBR (22).



Effects of Combined BMI on CLBR

To date, studies of the synergistic effects of male and female BMI on CLBR are scarce. We extended the field and found that an increased female BMI had a negative impact on the CLBR regardless of whether the male was in the reference or overweight group. Additionally, the results worsen when both members of the couple are overweight rather than when only the female is. Ramlau-Hansen et al. (23) found that couples have a high risk of infertility if they are both obese. Setti et al. (24) observed that couples with a normal BMI had a significantly higher fertilization rate, high-quality embryo rate on day 2, blastocyst development rate, and implantation rate than couples in which at least one partner had an abnormal BMI (>24.9 kg/m2) in ICSI cycles. Similarly, an animal study based on diet-induced obese mice also showed that combined parental obesity led to a lower blastocyst rate and slower embryo development speed than single parental obesity (25). Regarding time-to-pregnancy (TTP) in couples, Sundaram et al. observed that couples whose BMIs were within obese class II (≥35 kg/m2) had a longer TTP than couples whose BMIs were <25 kg/m2 (26). Consistent with our study, a retrospective study showed that couples with a higher female BMI had a lower LBR than couples with normal weight after the IVF cycle, and no association was found in ICSI cycles (9), which was similar to the findings of Petersen et al. (10). They found that higher BMIs among members of the couple negatively affect the LBR. On the basis of the aforementioned studies, we further observed a cumulative negative effect of female BMI on the CLBR, namely, that female obesity had more negative effects than female overweight among couples with a male BMI in the reference or overweight group. The same cumulative negative effect of male BMI was achieved among couples with female overweight and obesity.



Strengths and Limitations

The major strengths of our study are its ability to fill a gap in the existing literature by examining the joint effect of male and female BMI on cumulative pregnancy outcomes after the first ovarian stimulation. Second, our study had a large sample size, which allows for more exact estimates of outcomes. Nevertheless, there are some limitations in our study. First, this was a retrospective design that included a single medical center. Second, the data for smoking status, alcohol intake, metabolic health of the patients and whether diabetes was present was not recorded and their influence cannot be eliminated, which weakens the generalizability of the findings. Additionally, the lack of detailed data of male also weakens the universality of conclusions. Therefore, we urge caution in interpreting the study results.




Conclusion

In conclusion, the results of our study indicate that an increased BMI in females and overweight in males, both independently and combined, negatively impact the cumulative pregnancy outcomes after the first ovarian stimulation, leading to a lower CLBR. Therefore, effective management of the couple’s BMI, such as weight loss and lifestyle changes, might help to improve pregnancy outcomes. With the joint action of the members of the couple, it will be easier to implement these changes and more effectively reach an ideal BMI.
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