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Objective: To investigate the cumulative live birth rates (CLBR) according to body mass index (BMI) in women undergoing their first in vitro fertilization (IVF).

Design: Retrospective cohort analysis.

Setting: An IVF clinic in a public hospital.

Patients: This is a retrospective study of 14,782 patients undergoing their first fresh IVF cycles and subsequent frozen embryo transfers in our clinic from January 2014 to January 2017. The follow-up for CLBR continued until January 2019. Patients with a BMI <18.5 kg/m2 were considered to be underweight and those with a BMI > 24 kg/m2 were considered to be overweight. Patients with a BMI ≥ 28 kg/m2 were considered to be obese.

Intervention(s): None.

Primary Outcome Measure: The primary outcome was cumulative live birth rate (CLBR).

Result(s): This study illustrated the “inverted U shape” associations between body weight and IVF outcome (CLBR). The turning points in threshold analysis, as found by an automatic search, were BMIs of 18.5 and 30.4 kg/m2. The main finding of this retrospective data analysis is that the CLBR increased in underweight women, plateaued for normal weight and overweight women with a BMI between 18.5 and 30.4 kg/m2, and decreased in obese women.

Conclusion(s): The data suggested an “inverted U shape” association between BMI and CLBR. The CLBR increases in underweight women, plateaus in normal weight and overweight women, and then decreases in obese women.
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INTRODUCTION

Numerous studies have shown that a body mass index (BMI) that is either too high or too low is associated with a reduced probability of achieving pregnancy in women undergoing assisted reproductive technology (ART) (1). However, most of these studies are limited by being cycle-based (2–5), in which they only studied fresh cycles and reported the outcome in terms of live births per fresh cycle or embryo transfer. There cannot be a complete measure of an in vitro fertilization (IVF) treatment's success without a comprehensive analysis of the frozen embryo transfer (FET). In addition to affecting other aspects of the body's functions (6), BMI has an impact on the female reproductive system, both pre- and post-pregnancy. In this respect, a patient-based cumulative live birth rate (CLBR) that includes all fresh and frozen embryo transfers is a more suitable and more comprehensive measurement when reporting outcomes of ART (7). Before now, there were few reports using CLBR as the primary outcome measurement for the impact of BMI on IVF.

Current studies have adopted WHO classification criteria for BMI classification. The cutoffs for underweight (<18.5 kg/m2), overweight (BMI 25–30 kg/m2), and obese (BMI >30 kg/m2) were adopted to define a different population (8). However, we are not sure whether the threshold of BMI impact on CLBR is consistent with this criterion. Continuous variable data of BMI impact on CLBR is still not illustrated. There is still a lack of effective information, especially regarding patients who fall outside the normal BMI range in weight counseling before IVF.

Taking into account all the above-mentioned details, we set out to examine the relationship between BMI and first-time CLBR after a single stimulation among women undergoing IVF. Furthermore, we would like to figure out the turning point of the BMI's impact on CLBR, which can provide a valuable counseling resource for infertile women with abnormal BMIs.



MATERIALS AND METHODS

This is a retrospective study of 14,782 patients undergoing first fresh IVF/intracytoplasmic sperm injection (ICSI) cycles with subsequent frozen embryo transfer (FET) in our clinic from January 2014 to January 2017. The follow-up for CLBR continued for two years until January 2019. The study was approved by the Ethics Committee for the Clinical Application of Human Assisted Reproductive Technology of Northwest Women's and Children's Hospital (No. 2018002).


Patients' Inclusion Criteria

All first fresh IVF/ICSI patients (n = 14,782) who underwent subsequent FET from the same fresh oocyte retrieval in our clinic between January 2014 and January 2017 were included in the analysis.

The following cycles were excluded: (1) donated oocyte cycles, n = 14; (2) pre-implantation genetic testing (PGT) cycles, n = 96; (3) cycles that did not achieve live birth, with frozen embryos still in retrieval during this period, n = 292; (4) cycles lost to follow-up, n = 30; (5) cycles with induced abortion, n = 15; (6) invalid BMI value, n = 132.

The patients' BMIs were calculated as reported weight in kilograms per meter squared (reported height) at time of IVF start (before stimulation). The criteria for BMI categories were consistent with the international classifications of the World Health Organization (WHO), and adjusted according to the characteristics of an Asian population, which in general has a lower BMI than observed in non-Asian populations, with the BMI distribution shifted to the left (8). Thus, the patients with a BMI <18.5 kg/m2 were considered to be underweight, those with a BMI > 24 kg/m2 were considered to be overweight, and those with a BMI ≥ 28 kg/m2 were considered to be obese. Finally, 14,215 patients were studied for subsequent analysis. Flowchart and data processing are displayed in Figure 1. Demographics and basal characteristics of patients are presented in Table 1.
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FIGURE 1. Flow chart and data processing (BMI, kg/m2).



Table 1. Demographics and basal characteristics.
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IVF Treatment

The protocol for ovarian stimulation (OS) was determined individually according to the patient's age, BMI, basal follicle-stimulating hormone, and antral follicle count (AFC). Most patients were treated with recombinant and/or urinary gonadotrophins (Gonal-F/PUREGON/Urofollitropin) in a long Gonadotropin-releasing hormone (GnRH) agonist or a GnRH antagonist protocol followed by IVF or ICSI. For women with diminished ovarian reserves, the mild ovulation protocol or luteal phase ovarian stimulation was attempted. Human menopausal gonadotrophin (HMG, Li Zhu, China) was added according to the patients' response to stimulation. Four thousands to ten thousands units of human chorionic gonadotrophin (hCG), or 250 μg r-hCG (Merck Seronoy S.p.A.), were administered when two to three follicles were >17 mm. Oocyte retrieval was performed 36 h later by transvaginal ultrasonography-guided aspiration. The ovarian stimulation parameters for each group are displayed in Table 1.

The procedures for oocyte extraction, embryo culture and the embryo scoring system were described in our previous studies (9, 10). Grades 1–3 were considered useable embryos on day 3, and good-quality embryos were Grades 1–2. All IVF/intracytoplasmic sperm injection (ICSI) embryo transfer (ET) procedures were performed according to the following principles: embryo transfers were carried out on days 3 or 5 in fresh cycles; in cases with sufficient high-quality embryos (more than 3–4) on day 3, blastocyst transfer on day 5 was practiced; after fresh embryo transfer, patients' surplus embryos were vitrified; in cases of unsuccessful implantation during the fresh cycle, FET was carried out using surplus embryos; for luteal phase support, progesterone injection (60 mg/day) was started after oocyte retrieval and maintained until a negative serum beta-hCG or the eighth week of pregnancy.



Primary Outcome Measurement

The primary outcome was CLBR, which was defined as at least one live birth resulting from one aspirated ART cycle in the fresh transfer or subsequent FET in relation to the number of oocytes retrieved. CLBR was evaluated by adding the pregnancies and live births achieved in the FETs to the ones obtained in the fresh cycle. Only the first delivery was considered in the analysis. One treatment cycle is defined as an oocyte retrieval and all transfers, fresh and frozen/thawed, derived from that ovarian stimulation. One complete treatment cycle refers to a treatment cycle that achieved live birth or a treatment cycle that transferred all embryos but failed to achieve live birth.



Statistical Analysis

The data processing and statistical analysis were conducted by EmpowerStats software (www.empowerstats.com, version R.3.4.3) and statistical software packages R. Multivariate. Logistic regression analyses were performed to evaluate the association between BMI and CLBR, with adjustments made for important co-variables and potential confounding factors (treatment year, patient's age, AFC, basal FSH, smoking, type of infertility, length of infertility, gravidity, parity, main etiology, stimulation protocol, total Gn dose, and starting FSH dose). A generalized additive model, where the outcome was the CLBR and the explanatory variable was a continuous BMI, was used to check for trend. A threshold analysis of BMI associated with CLBR was also performed.




RESULTS

Demographics and basal characteristics of IVF patients vary in Table 1. Obviously, there were significant differences among infertility-related parameters and anthropometrical variables by dividing patients according to BMI. Young women (<35 years) were more likely to be underweight, have < =2 years of infertility, have tubal factor infertility, use the GnRH antagonist protocol, receive a lower dose of Gn, and so on. These imbalanced variables may act as confounding factors and were adjusted in subsequent analysis. Statistically speaking, the CLBR significantly decreased among underweight (66.41%), normal weight (65.79%), overweight (61.08%), and obese (56.30%), as well as the number of day 3 embryos and the number of oocytes retrievals (Table 2). The oocyte output rate (oocytes retrieved/antral follicle count) also statistically significantly decreased among underweight (96.40%), normal weight (95.63%), overweight (85.89%), and obese (72.99%).


Table 2. Oocytes and embryo parameters and cumulative live birth rates.
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A multiple variables regression analysis was performed, taking into account the fact that variables may act as confounding factors to the data described in Table 1. The unadjusted and adjusted odds ratios (OR) of CLBR with a 95% confidence interval (CI) in different models are shown in Table 3. It was found that the BMI of underweight patients had no statistically significant effect on the CLBR (OR 0.92, 95% CI 0.80–1.04, p = 0.1902) compared with the normal weight group when adjusted for female age, AFC, main etiology, and OS protocol. The CLBR in overweight patients decreased significantly (OR 0.82, 95% CI 0.74–0.89, p <0.0001) compared with normal weight patients when adjusted for female age, AFC, main etiology, and OS protocol. However, the CLBR in the obese patients decreased by about 40% (OR 0.60, 95% CI 0.51–0.70, p <0.0001) when compared with the normal weight group in model 1.


Table 3. Logistic regression analysis for cumulative live birth rates in BMI groups.
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A generalized additive model (Figure 2) was built where the outcome was the CLBR and the explanatory variable was BMI (red dots). The blue dotted lines are the 95% confidence intervals. The right model was adjusted for treatment year, patient's age, AFC, basal FSH, smoking habits, type of infertility, length of infertility, gravidity, parity, main etiology, OS protocol, Gn total dose, Gn type, and starting FSH dose. The CLBR increased linearly from a BMI of 15 kg/m2 to a BMI of ~18 kg/m2, then showed a slowly declining segment. When BMI exceeded ~30 kg/m2, the CLBR fell sharply until the nadir. The association between CLBR and BMI looks like an inverted U-shape. The turning points (BMI 18.5 and 30.4 kg/m2) were determined using threshold analysis (Table 4).


[image: Figure 2]
FIGURE 2. A generalized additive model was built where the outcome was the CLBR and the explanatory variable was BMI (red dots). The blue dotted lines are the 95% confidence intervals. The right model was adjusted for treatment year, patient's age, AFC, basal FSH, smoking habits, type of infertility, length of infertility, gravidity, parity, main etiology, OS protocol, Gn total dose, Gn type, and FSH start dose. Created by EmpowerStats (www.empowerstats.com) and R.



Table 4. Threshold analysis of BMI associated with cumulative live birth rate.
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The oocyte retrieval (number of oocytes/AFC) and embryo development (number of 2pn, day 3 embryos and good embryos/number of oocytes) in different subgroups of BMI were displayed in Figure 3. The differences between BMI subgroups were mainly expressed in oocyte retrieval, rather than embryo development indicators, such as 2pns, day 3 embryos, and good day 3 embryos per oocyte. The subgroup analysis was performed according to the ranges of AFC, patient's age, and stimulation protocol in Table 5, in which the CLBR showed a trend similar to the general trend in all subgroups with the addition of women over 35. The multivariable fractional polynomials analysis was conducted in Table S1, which could be helpful to highlight which parameters better predict the CLBR.


[image: Figure 3]
FIGURE 3. The oocyte retrieval (number of oocytes/AFC) and embryo development (number of 2pn, day 3 embryos and good embryos/no. oocytes) in different subgroups of BMI from a generalized additive model, adjusted for female age, main etiology, and OS protocol.



Table 5. Subgroup analysis of CLBR according to AFC, maternal age, and stimulation protocol.
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DISCUSSION

The main finding of this retrospective data analysis is that the CLBR increased among underweight women, plateaued in normal weight and overweight women, and then decreased in obese women. The highest CLBR was observed among women with a BMI of 18.5 kg/m2, surrounded by normal weight and underweight women. Another finding was that oocyte output rate decreased as BMI increased. However, there is no difference in the embryo development indicators.

In 2004, Fedorcsák et al. (11) first reported the CLBR of underweight and overweight women in a large cohort of women who underwent IVF, which is consistent with the present study. Rather than calculating CLBR with the Kaplan–Meier method after three cycles of IVF like Fedorcsak, our calculation was a patient-based outcome measurement stressing the first fresh aspirated IVF treatment, including all fresh and frozen embryo transfers. Moreover, the spline smoothing plot of CLBR according to BMI was first presented to illustrate their relationship.

The “inverted U shape” associations between BMI and IVF outcome have been shown in several studies (2, 4, 12, 13). While obesity has been demonstrated to impair pregnancy outcome, more issues focus on underweight and overweight women (24–28 kg/m2). Our results suggested that being underweight had no significant effect on CLBR and being overweight had a slight impact and decreased CLBR, which is consistent with the results from the 2008–2013 Society for Assisted Reproductive Technology registry in the United States (2, 4). Unfortunately, in some studies (14–16), the obese group was included in the overweight group for analysis rather than the subdivision analysis. Though the mechanism of the negative effect of BMI on IVF outcome is unclear, the relationship may have a threshold effect on the CLBR by accumulative BMI. Our study figured out the cut-off value of 30.4 kg/m2, which means the IVF outcome of women with a BMI of more than 30.4 kg/m2 would be severely impaired by excessive BMI. At the other body weight extreme, women with a BMI of less than 18.5 kg/m2 would have impaired CLBR due to low BMI.

Most studies (4, 17–19) failed to demonstrate the association between low BMI and impaired IVF outcome. However, Cai et al. (3) recently concluded that low BMI is associated with negative outcomes in fresh transfer cycles, especially in women of advanced age. Obviously, in Cai's study only fresh transfer cycles were included, and frozen embryo transfers and cases with canceled fresh transfers were both excluded. Biases of population selection may cause inconsistency with our results. In addition, the outcome measurement in Cai's study adopted the simple live birth rate rather than the CLBR used in our study. Contrary to the results of Cai's study in the same Chinese population, low BMI was not associated with reduced CLBR (OR 0.89, 95% CI 0.75–1.06, p = 0.1891). Instead, the highest CLBR was observed among women with a BMI of 18.5 kg/m2.

Maternal BMI is significantly associated with CLBR in the patients with first IVF/ICSI treatment. The CLBR remains relatively constant in IVF patients in the normal and overweight range (BMI 18.5–30.4). Therefore, for these patients, it is not necessary to be concerned about the impact of BMI on CLBR. Being underweight may have a limited impact on IVF success (namely CLBR), however, and gaining weight still improves the chances of CLBR (about 26% per unit of BMI). Being obese has a significant impact on IVF success, with a CLBR loss of about 12% for every one unit increase of BMI. This provides specific and effective data in support of weight counseling for infertile women before IVF treatment.

Our data suggested that the oocyte output rate (number of oocytes/AFC) was damaged due to the excessive BMI. However, there was no difference in the embryo development indicators. Consistent with the literature, obesity was associated with ovulatory dysfunction and higher doses of ovarian stimulation in IVF (20, 21), leading to a lower chance of oocyte retrieval. Although the evidence from both clinical data and animal studies suggests obesity negatively impacts the developmental competence of oocytes (22, 23), there are still questions about the pathophysiology underlying these findings because not all studies took into account the damage in embryo quality (24, 25).

Limitations are related to the retrospective nature of the study, and analysis from a single center also weakens the universality of our observations. The results of the study should also be interpreted with caution when considering other populations and areas because Asian populations in general have a lower BMI than observed in non-Asian populations, with a BMI distribution shifted to the left (8). The variance of BMI during IVF treatment and pregnancy, which was not involved in the study, may also be a potential confounding impact on the live birth.



CONCLUSION

In conclusion, there is an “inverted U shape” association between body weight and IVF outcome (CLBR). CLBR increased among underweight women, plateaued in normal weight and overweight women with a BMI of 18.5–30.4, and then decreased in obese women proportionally to the accumulation of BMI. The present study may therefore be helpful for IVF patients with abnormal BMI to predict pregnancy outcome (CLBR) when attending weight counseling before initiating IVF cycles.
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<18.5

1,277
2897 £4.15

898 (70.32%)
281 (22.00%)
76 (5.95%)
22(1.72%)
7.46 % 3.46
12.37 £5.45

855 (66.95%)
422 (38.05%)

529 (41.88%)
565 (44.73%)
169 (13.38%)

398 (31.17%)
405 (31.71%)
474(37.129%)

849 (66.48%)
248 (19.42%)
180 (14.10%)

1,194 (93.50%)
80 (6.26%)
3(0.23%)

7883 (62.10%)
79 (6.23%)
190 (14.97%)
33 (2.60%)
21(1.65%)
158 (12.45%)

1,122 (88.21%)
123 (0.67%)
27 (2.12%)

200 (25.67%)
551 (70.73%)
28 (3.59%)
2,247.88 + 927.12

724 (56.83%)
550 (43.17%)

0(0.00%)
1,277 (100.00%)

Created by EmpowerStats (www.empowerstats.com) and R.

>=18.5, <24

9,082
30.24 + 4.65

5,407 (59.54%)
2,467 (27.16%)
887 (9.77%)
321 (3.53%)
708+ 304
12324583

5,229 (57.58%)
3,853 (42.42%)

3,657 (40.68%)
3,800 (42.27%)
1,632 (17.04%)

2,694 (28.56%)
2,848 (31.36%)
3,640 (40.08%)

5,190 (657.16%)
1,976 (21.76%)
1,914 (21.08%)

7,907 (87.06%)
1,072 (11.80%)
103 (1.13%)

5,881 (65.24%)
607 (7.73%)
1,165 (12.81%)
154 (1.71%)
181 (2.01%)
946 (10.49%)

7,877 86.91%)
953 (10.52%)
233 (2.57%)

1,094 (19.04%)
4,398 (76.55%)
253 (4.40%)

2,320.32 £ 976.42

5,208 (58.77%)
3,717 (41.23%)

7(0.08%)
9,075 (99.92%)

>=24, <28

3,085
30.90 + 5.08

1,637 (63.58%)
894 (20.26%)
347 (11.36%)

177 (5.79%)
675+ 8.29
13.29 + 6.68

1,638 (53.62%)
1,417 (46.38%)

1,083 (35.83%)
1,295 (42.84%)
645 (21.34%)

833 (27.27%)
911 (20.82%)
1,311 (42.91%)

1,622 (53.11%)
678 (22.20%)
754 (24.69%)

2,529 (82.81%)
457 (14.96%)
68 (2.23%)

1,926 (63.67%)
433 (14.48%)
287 (0.49%)
43 (1.429%)
56 (1.85%)
275 (9.09%)

2,579 (84.61%)
382 (12.53%)
87 (2.85%)

304 (15.72%)
1,622 (78.70%)
108 (5.58%)
254662 + 1,034.56

1,742 (57.36%)
1,295 (42.64%)

5(0.16%)
3,050 (99.84%)

>=28

801
30.47 +4.79

468 (58.43%)
212 (26.47%)
90 (11.24%)
31(3.87%)
635+ 192
1444 £7.14

455 (56.80%)
346 (43.20%)

224 (28.18%)
368 (46.20%)
203 (25.53%)

192 (23.97%)
258(32.21%)
351 (43.82%)

453 (56.55%)
186 (23.22%)
162 (20.22%)

686 (85.64%)
97 (12.11%)
18 (2.25%)

482 (60.71%)
139 (17.51%)
72(9.07%)
8(1.01%)
11 (1.39%)
82(10.33%)

664 (83.10%)
110 (13.77%)
25 (3.13%)

50 (10.31%)
399 (82.27%)
36 (7.429%)
2,784.52 £ 1,054.73

466 (68.47%)
331 (41.53%)

3(0.37%)
798 (99.63%)

P-value

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

<0.001

<0.001

0.383

0.036
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Results in table: OR (95% CI) P-value. Adjusted for female age, AFC, main etiology,
08 protocol.
Created by EmpowerStats (www.empowerstats.com) and R.





OPS/images/fendo-11-00149-t005.jpg
BMI (kg/m?)

Age of female
<=30
>80, <=35
35, <=40
>40
AFC
<=4
>4, <=9
>9, <=15
>15
05 protocol
GnRH agonist
GnRH antagonist
Other
Fertilization approach
IVF
icsl

8,410

3,854
1,400
561

1,220
3,542
4,954
4,499

12,242
1,568
372

10,698
3,517

f
1
1
1

<185

OR (95% Cl) P-value

0.94 (0.80, 1.09) 0.4031
0.81(0.63, 1.04) 00974
094 (0.58, 1.51) 08010
1.21(0.34, 4.29) 0.7658

1.26 (0.76, 2.08) 0.3654
0.93(0.74,1.17) 0.5372
0.96 (0.78, 1.18) 0.6868
1.07 (0.82, 1.41) 0.6040

0.99 (0.86, 1.13) 0.8828
1.01(0.69, 1.47) 09758
265 (1.11, 6.35) 00289

1.08(0.93, 1.25) 0.3150
0.90(0.71, 1.14) 0.3930

>=24, <28

OR (95% Cl) P-value

0.81(0.72, 0.92) 0.0008
0.96 (0.82, 1.13) 0.6590
089 (0.69, 1.15) 0.3702
182 (0.77,2.27) 03106

081 (059, 1.12) 02013
0.90(0.76, 1.06) 0.2055
0.75 (0.65, 0.88) 0.0004

0.69(0.59, 0.81) <0.0001

0.84(0.76,0.92) 0.0003
0.80 (0.63, 1.02) 0.0743
0.61(0.28,1.33) 0.2127

0.85(0.77,0.94) 0.0014
0.71(0.59, 0.84) <0.0001

>=28

OR (95% Cl) P-value

0.57 (0.47, 0.69) <0.0001
0.73(0.55, 0.96) 0.0271
1.04 (0,67, 1.62) 0.8468
1.48 (0.53, 4.08) 0.4528

0.61(0.34,1.12) 0.1124
0.86 (0.62, 1.20) 0.3684
0.71(0583, 0.94) 0.0167

0.43 (034, 0.54) <0.0001

0.68 (0.58, 0.80) <0.0001
067 (0.45, 1.01) 0.0535
1.82 (0,47, 8.75) 05969

0.72(0.61, 0.86) 0.0001
0.52 (0.38, 0.70) <0.0001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cumulative Live Birth Rates According to Maternal Body Mass Index After First Ovarian Stimulation for in vitro Fertilization: A Single Center Analysis of 14,782 Patients



		Introduction



		Materials and Methods



		Patients' Inclusion Criteria



		IVF Treatment



		Primary Outcome Measurement



		Statistical Analysis







		Results



		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Endocrinology

Cumulative Live Birth Rates
According to Maternal Body Mass
Index After First Ovarian Stimulation
for in vitro Fertilization: A Single
Center Analysis of 14,782 Patients





OPS/images/fendo-11-00149-g001.gif
Firs,frosh, aspirated IVF:

COS (January 1,201

subscquent FET derived from the same
14 - January 31, 2017).

Follow-up deadline: January 31, 2019, N=14,752.

1. Duoed oy 14
Pt
FES e ———
Lot io low-sp 30

it .

Complete treatment patients for analysis, n=14215
Unterwcigh Normalwcight Ovenveigh onse

BMICISS v Py B2
w1 wo0s2 3055 sl






OPS/images/fendo-11-00149-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Endocrinology





