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Abstract
Background: Overweight/obese couples are more likely to present with a lower fertility, but it is still unclear
whether the Overweight/obese can reduce the successful rate of in vitro fertilization-embryo transform (IVF-
ET).This systematic review uses strict Chinese BMI criterias to evaluate whether male and female
overweight/obesity will affect embryo quality and IVF outcomes, and whether there are gender differences.

Methods: We reviewed the IVF-ET data of Northwest Women and Children's Hospital from 2015.01 to 2019.06, and
divided the included population into four groups: Group 1 (n = 3413, male and female BMI: 18.5≤BMI 24kg/m2,
the control group);Group 2 (n = 1437, female BMI≥24 kg/m2 and male BMI18.5≤BMI 24 kg/m2, the experimental
group 1); Group 3 (n=4283, female BMI18.5≤BMI 24 kg /m2 and male BMI≥24 kg/m2, the experimental group 2)
and Group 4 (n=2176, female BMI≥24 kg/m2 and male BMI≥24 kg/m2, the experimental group 3). .Primary
outcomes were clinical pregnancy rate, CPR), live birth rate(LBR) available embryo rate and normal fertilization
rate.

Results: The study found that the overweight/obesity of the independent female group or the combined male and
female group manifested with a much less number of available embryos and a much less number of high-quality
embryos (p <0.05). Meanwhile, the independent male group displayed a signi�cant reduction of IVF-ET cleavage
rate (p=0.019) and the independent female group displayed a signi�cant reduction of the fertilization rate
(p=0.029) and the normal fertilization rate (p=0.004). The combined male and female group manifested with a
signi�cant reduction of the available embryo rate (p=0.026), the fertilization rate (p=0.010) and the normal
fertilization rate (p=0.003) but overweight/obesity has no signi�cant effect on CPR LBRand abortion rates.

Conclusion: overweight/obesity affects the embryo quality, the fertilization rate, and the cleavage rate, and there
exists gender differences. Therefore, in order to improve the embryo quality, the fertilization rate and the cleavage
rate of IVF of overweight/obese couples, it is still recommended that one partner or both couples should manage
to reduce their weight to a normal value before IVF treatment.

Background
Overweight / obesity has become an important global public health problem for it not only has a negative impact
on the quality of life, but also has a severe impact on health [1]. Since 1980, the number of obese population
worldwide has more than doubled[2], and according to expected demographic changes, the obese rate is expected
to increase further[3]. At present, China is the country with the largest number of obese people in the world due to
the large population and improvement of the economic status of people [4-6].Among Chinese adults,
overweight/obesity accounts for 49.7%[7] and the number of obese people in China in 2014 was approximately
89.6 million (43.2 million men,46.4 million women)[8].

BMI is the key indicator for measuring overweight/obesity and based on European and American races, the World
Health Organization (WHO) has established an international standard: the normal BMI range is 18.5–24.9 kg/m 2.
A BMI of 25–29.9 kg/m 2 means overweight, and if BMI ≥ 30 kg/m 2, obesity should be considered. As Asian race
is different from European and American races, the BMI standard of WHO is not rather suitable for Chinese people.
For this reason, the BMI reference standard for Chinese adults is: 18.5-23.9kg/m2 is normal, 24-27.9kg/m2 is
overweight, and ≥28kg/m2 is obese. Overweight/obesity can enhance the occurring rate of many diseases, and
their occurrence and development are closely related to endocrine diseases, which can affect the functions of
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multiple human systems, such as the reproductive system. As a result, obesity will be a risk factor for menstrual
disorders, ovulation disorders and infertility by reducing the chances of a woman's conception[9]. The risk of
miscarriage can also increase as well. In theory, overweight/obesity will also reduce male fertility and fertility
rate[10, 11], because it reduces serum testosterone levels and increases serum estradiol levels, thereby impairing
sperm function and increasing the risk of erectile dysfunction[12-14]. The semen parameters of male infertility
patients indicate that an increase in waist circumference and BMI will reduce the ejaculation volume and increase
the risk of oligospermia[15].In a recent cross-sectional cohort study, the decreased sperm concentration and the
increased percentage of abnormal sperm morphology were also associated with obesity[16]. Most infertile
couples need to use assisted reproductive technology (ART) to meet their fertile needs and IVF-ET is one of the
most common ARTs. It is estimated that by 2100, the number of people born with IVF-ET may reach 3.5% of the
global population (about 400 million people)[17]. More than 2 million treatment cycles for IVF and
Intracytoplasmic Sperm Injection (ICSI) are completed every year, it is estimated that the number of IVF oocyte
retrieval cycles in China would increase from 684000 to 1326000 in 2018-2023.

Does overweight/obesity affect the outcome of IVF? If the answer is yes, is there a gender difference? There is still
no de�nite conclusions concerning this aspect and some results may oppose the hypothesis. Actually, more and
more evidences verify that female overweight/obesity can negatively affect ART outcomes [18-21].The in�uence
of obesity on the outcome of ART even exceeds that of being overweight and implies a dose-response
relationship[18-21], . Another study found that even in different races, obesity also affects CPR and abortion rate
of ART. Most people suggest that it has less in�uence on ART outcome than female, or even has no effect on ART
outcome [22-25]. Another study found that even in different races, obesity also affects the pregnancy rate and
abortion rate of ART[26, 27]. There is very little knowledge about the in�uence of male BMI on ART outcome and
researchers hold controversial conclusions. Most people suggest that it has less in�uence on ART outcome than
female, or even has no effect on ART outcome [28-30].Adversely, some scholars hold an opposite opinion:
increasing male BMI can reduce the success rate of ART[31-33]. Further studies have found that male BMI is
related to the insemination method of ART. Overweight males show a reduction in CPR or LBR of IVF treatment,
but show no adverse effect on the outcome of ICSI treatment[34, 35]. Previous studies are mostly based on the
comparative analysis of ART outcomes based on the weight standards of European and American populations.
Although China presents with the highest incidence of overweight/obesity, there are very few data on the IVF
outcomes of Chinese overweight/obese populations. Therefore, we determined to study the impact of Chinese
couples' BMI on the IVF outcome. Under the premise of excluding confounding factors affecting IVF outcome, we
systematically reviewed and summarized the registered patients of IVF with overweight/overweight to investigate
the impact of independent/combined male and female BMI on the outcome of assisted pregnancy after IVF
treatment.

Materials And Methods
population

The subjects are those patients who have undergone IVF-ET assisted fertility treatment at the Reproductive Center
of Northwest Women and Children's Hospital from 2015.01.01 to 2019.06.01. They were selected according to the
following criteria: (1) they were at their �rst fresh oocyte retrieval cycle; (2)their menstrual period is regular; (3) the
number of oocytes harvested ≥ 4; (4) both couples are within the age of 22 to 36; (4) the causes of infertility are
pelvic tubal disease and endometriosis; (4) both spouses have normal chromosomes; (5) in the past three months,
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no reproductive infections such as mycoplasma, chlamydia and gonorrhoeae had occurred. The subjects should
also had no following conditions: (1) polycystic ovary syndrome (PCOS); (2) hyperprolactinemia; (3) diabetes and
other diseases that may affect the test tube outcome. According to the obesity and overweight standards by the
Chinese Obesity Working Group, they were divided into 4 groups: Group 1 (n = 3413, male and female BMI:
18.5≤BMI <24kg/m2), Group 2 (n = 1437, Female BMI≥24 kg/m2 and male BMI18.5≤BMI 24 kg/m2), Group 3 (n
= 4283, female BMI18.5≤BMI 24 kg/m2 and male BMI≥24 kg /m2) and Group 4 (n = 2176, female BMI ≥ 24
kg/m2 and male BMI ≥ 24 kg/m2)(Figure1).

Research method

The doctor used gonadotropin to enhance releasing hormone (GnRH) agonist long protocol and antagonist
protocol to promote ovulation. The subjects with normal or high-response ovarian response adopted the GnRH
agonist long protocol, starting from the mid-luteal phase, subcutaneously inject triptorelin (Ferring GmbH ,
Germany) 0.1 mg/d for 14 days. Gonadotropin(Gn) was injected after reaching the downregulating
standard(Follicle-stimulating hormone(FSH) 5U/L, Luteinizing hormone(LH)  After 5U/L, Estradiol(E2)
<183pmol/L). The antagonist protocol was given Gn hyperstimulation from the 2nd to 3rd day of the menstrual
cycle. From 5 to 6 days of hyperstimulation, cetrorelix acetate (Bayer, Germany) was injected subcutaneously at
0.25 mg/d to the day of human chorionic gonadotropin (HCG). When the diameter of more than 3 follicles is
≥18mm, HCG (Zhuhai Livzon, China) 5000~10000u was injected, and the oocytes were collected under the
guidance of B ultrasound about 36 hours after the injection, and routine IVF treatment was performed 4 hours
later. After fertilization, they were cultured in vitro for 72 to 120 hours, and at day 3, embryos or blastocysts were
transferred. From the day of embryo/blastocyst transfer, 60 mg progesterone injection (Zhejiang Xianju, China)
was intramuscularly injected daily to 70 days after clinical pregnancy. A biochemical pregnancy is a biochemical
pregnancy if the blood HCG is detected 12 to 14 days after the transplantation, and a clinical pregnancy is a
clinical pregnancy if the gestational sac and fetal heart beat are observed by B ultrasound 4 to 6 weeks after
transplantation.

Evaluation standard of embryo and blastocyst

Embryo grading. Grade I: The size of the blastomere is uniform without fragments; Grade II: The size of the
blastomeres is uniform or slightly uneven, fragments <20%; Grade III: The size of the blastomeres is uniform or
mildly uneven, fragments 20-50%; Grade IV: The size of the blastomeres is uneven, and the fragments are more
than 50%. Grade I~II are high-quality embryos, and Grade I~III are transferable embryos.

Blastocysts were graded according to Gardner and Schoolcraft (1999). The blastocysts were classi�ed into 1 to 6
grades according to the degree of expansion and hatching of the blastocysts. Then, according to the number of
cells and the degree of cell adhesion, the inner cell mass and trophoblast cells were divided into Grades A to C.
Blastocysts with scores ≥3AA, 3AB, 3BA, 3BB on day 5, or blastocysts with scores ≥4AA, 4AB, 4BA, 4BB on day 6
to 7 are considered high-quality embryos.

Laboratory analysis

All serum was separated by centrifugation at 3500 rpm for 5 minutes and kept at room temperature for 1 hour.
The levels of FSH, LH, P and TES were measured by chemiluminescence microparticle immunoassay (Beckman
DXI 800, USA).
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Statistical analysis

Descriptive statistics are presented as mean and standard deviation (SD). Continuous and categorical variables
were compared between BMI groups using linear regression and group 1 as referent. Linear regression model was
employed to assess the associations of BMI status and individual available embryo rate, high quality embryo rate,
fertilization rate and cleavage rate by calculating b-coe�cient and 95% con�dence interval (CI). Odds ratio (OR)
and 95%CI were calculated using multivariate logistic regression model. Model 1 adjusted male and female age.
Model 2 adjusted for female age, male age, year of infertility, E2 on HCG day, FSH on HCG day, P on HCG day, LH
on HCG day, number of available embryos, left testicular volume, and right testicular volume. Two sides P values
less than 0.05 were considered signi�cant. All analyses were conducted using Stata/SE 16.1.

Results
A total of 11,309 couples went through 6885 �rst fresh IVF-ET cycles. The number of �rst fresh IVF-ET cycles in
group 1 to group 4 were 1954, 936, 2614, and 1381 respectively.

Table 1 shows that the basic data characteristics of the subjects. Although the testicular volume of the men in
Group 3 and Group 4 was statistically different from that in Group 1 (p<0.05), their bilateral testicular volumes
were within the normal range (testicular volume ≥12ml). Even if we restrict the age of both spouses: the age of
both spouses is 22 to 36 years old, the baseline distribution of variables including age among the four groups is
still unbalanced.

Table 2 shows the IVF outcomes between the four groups when the baseline imbalances of male and female age
and other variables are not corrected. The data displays that there are no signi�cant differences between the four
groups in the available embryo rate, the high quality embryo rate, the cleavage rate, the implantation rate, CPR,
abortion rate , and LBR (p>0.05). Compared with Group 1 and 2, Group 4 displays a lower fertilization rate and a
normal fertilization rate (p<0.05).

Table 3 shows the IVF outcomes between the four groups after when the baseline imbalance of male and female
age and other variables are corrected. Compared with Group 1, the available embryo rate, the fertilization rate, and
the normal fertilization rate of Group 2, 3, and 4 are all signi�cantly reduced (β-coe�cient <0). The statistic results
infer that independent/combined male and female BMI is a risk factor for CPR and LBR (OR> 1). Compared with
Group 1, Group 4 has signi�cant statistical differences in the available embryo rate, the fertilization rate, and the
normal fertilization rate (p<0.05), and Group 2 has signi�cant statistical differences in the fertilization rate and the
normal fertilization rate (p<0.05).

Discussion
Although the ART outcome of overweight/obese couples during IVF treatment has received widespread attention,
it is still controversial whether overweight/obese couples had a poor IVF outcome than the couples with a normal
BMI. Does male and female BMI affect the outcome of IVF-ET? If yes, is the affection related to gender? What
degree shall the IVF-ET outcomes would be speci�cally affected? The type of obesity in Chinese people is
different from that of Europeans and Americans, most of which are abdominal obesity which is more likely to
cause diseases such as myocardial infarction, cerebral infarction, diabetes, and hypertension. Is there any race
differences in the IVF outcome of overweight/obese couples?
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Previous studies have shown that age and sex hormone levels can affect IVF outcomes [36, 37]. In our initial basic
data, there are statistical differences in age and sex hormone levels (FSH days) between men and women in each
group (P<0.05). In order to reduce the in�uence of these factors, we established an adjustment model for age and
other in�uencing factors. After excluding these factors, we found that compared with the couple with normal
weight (Group 1), there is a signi�cantly reduced IVF-ET cleavage rate (P = 0.019) in the independent male
overweight / obese group and there is a reduced the fertilization rate (p=0.029) and the normal fertilization rate
(p=0.004) for the independent female overweight / obesity group. The available embryo rate (p=0.026),
fertilization rate (p=0.010) and the normal fertilization rate (p=0.003) in the combined male and female
overweight / obese group are also signi�cantly reduced.

The negative impact of female BMI on the outcome of ART assisted pregnancy is widely supported by most early
researchers: most believe that it will signi�cantly reduce the LBR of ART and increase the rate of ART abortion [25-
27, 35]. This negative effect may be related to the adverse effects of increased female BMI on the quality of
oocytes and/or embryos[38].The increasing BMI will also have a negative effect on the reproductive status before
and after embryo development as well as a negative effect on the quality of oocytes and the endometrial
environment[22]. Some scholars use the donor oocyte model to analyze the ART outcome of female obesity and
the results show that obesity does not signi�cantly affect the chance of embryo implantation or clinical
pregnancy.Obesity also has no signi�cant effect on abortion and LBR, and obesity may have no signi�cant effect
on the endometrial receptivity but it may affect the outcome of ART by affecting oocytes [39]. Recent studies have
found that the total lipid content of follicular �uid (FF) in obese women increases, and the changes in FF transmit
maternal signals to oocytes, leading to lipid toxicity, impaired oocyte maturation and early embryo loss[40-43]. Our
study found that female overweight/obesity can reduce the fertilization rate and the number of available embryos
for IVF-treated, which may be related to the production of immature oocytes caused by the increase of female
BMI. A large cohort study showed that compared with normal weight, the overweight/obesity in couples, both
independently and combined, will reduce the LBR of the IVF treated, but there is no signi�cant statistical
difference[35]. This is similar to our conclusion that compared with the normal weight group, one parter or both
being overweight/obese would not affect the LBR, CPR and abortion rate for IVF results (p>0.05), but this is
different from the previous research conclusions[25-27, 35].The reason may be that those research did not involve
the IVF/ICSI strati�cation analysis. In order to draw more accurate conclusions, we excluded those couples with
ICSI treated. In addition, we established an adjustment model which modulated the factors such as age, HCG daily
sex hormone value, and the number of available embryos that affect the outcome of IVF. In order to reduce the
potential impact of partners on ovarian function, we also excluded patients with fewer than 4 follicles. In order to
reduce the impact of multiple transplant cycles on the VF results, we only managed the data of the �rst fresh
transplant cycle. Nevertheless, our research still has some limitations. Due to the unavailability of relative data
from other IVF centers in China, the research data is just limited to our research center. Due to the limitedness of
effort and time, we did not investigate the in�uence of overweight and obesity between male and female on IVF
outcomes.

There has been a controversy as to whether male overweight/ obesity has an effect on fertility and ART outcome.
Some scholars suggested that male overweight/obesity might affect sperm count and cause infertility[42]. A large
observational study showed that male BMI might have a greater impact on embryo quality and IVF outcome than
on semen parameters [36]. A recent meta-analysis showed that the increased male BMI could signi�cantly reduce
CPR and LBR of the ART P 0.05 [44] which might further affect sperm DNA integrity by affecting changes in sex
hormone parameters, The increased sperm DNA integrity damage levels are associated with lower CPR and higher
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abortion rates during IVF and ICSI cycles[45]. Other scholars hold different views: they believe that male BMI is not
related to sperm parameters, semen volume, motility or morphology [36, 46-49], and an increase in male BMI could
hardly have a negative impact on CPR and LBR undergoing IVF or ICSI[28, 50]. Our investigation reveals that,
compared with the normal BMI group, the increased male BMI had no signi�cant in�uence in the CPR adjusted
OR 1.04, 95% CI 0.91–1.19 and LBR adjusted OR 1.08, 95% CI 0.95–1.23 of couples treated with treated (p>0.05).
An increased male BMI will signi�cantly reduce the cleavage rate (p=0.019), and the increase of the combined
female’s BMI could signi�cantly reduce the available embryo rate, the fertilization rate, and the normal fertilization
rate (p<0.05). It is still unclear whether the male BMI has an in�uence on the embryo quality and fertilization rate.
It is also not clari�ed whether the male BMI is related to the increase of sperm DNA integrity damage and the
impact of sperm DNA integrity which can further decrease the embryo quality and fertilization rate.

Conclusions
In summary, we found that overweight/obesity has an impact on IVF outcomes and there exists gender
differences. Overweight/obese women seem to have a greater impact on IVF outcomes. In addition, the combined
overweight/obesity of men and women has a greater impact on IVF outcomes than a single overweight/obese
couple. As a result, the increased BMI is a risk factor for LBR and CPR, but there is not a signi�cant difference
when compared with the IVF results of the normal BMI. Even so, before the couples with increased BMI are going
to be treated with IVF, it is better to recommend them to lose weight to the normal index to prevent the potential
negative impact of overweight/obesity on the adverse outcome of IVF. The future research are suggested to obtain
more data from other IVF centers in China and try to explore the mechanism of BMI's in�uence on the embryo
quality and fertilization rate.
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Tables
Table 1 Demographics of study samples by male and female BMI status.
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variables Group 1
(N=3413)

Group 2 (N=1437) Group 3
(N=4283)

Group 4 (N=2176) P-
trend

Male age
(years)

30.21±3.06 30.28±2.97 30.57±2.99* 30.58±2.99* <0.000

Female age
(years)

29.07±2.93 28.97±3.06 29.48±2.95* 29.36±2.99* <0.000

Endometrium
thickness
(mm)

11.67±2.31 11.86±4.02* 11.68±2.73 11.77±3.05 0.555

Year of
infertility
(years)

3.17±1.99 3.48±2.06* 3.19±1.99 3.60±2.12* <0.000

E2 on HCG
day (mIU/ml)

4814.74±2764.14 3761.31±2403.16* 4707.29±2703.74 3815.21±2451.30* <0.000

FSH on HCG
day (mIU/ml)

18.28±9.31 14.62±7.73* 17.79±8.34* 14.53±6.30* <0.000

P on HCG
day (mIU/ml)

1.40±0.79 1.21±0.75* 1.37±0.71 1.19±0.69* <0.000

LH on HCG
day (ng/ml)

1.80±1.31 1.60±1.52* 1.87±1.50* 1.62±1.31* 0.052

Number of
available
Embryos

6.41±3.88 6.02±3.73* 6.36±3.77  6.03±3.87* 0.011

Number of
high-quality
embryos

3.98±3.13 3.72±3.03* 3.98±3.12 3.77±3.21* 0.161

Left
testicular
volume (ml)

14.28±2.00 14.24±1.91 14.70±2.25* 14.77±2.42* <0.000

Right
testicular
volume (ml)

14.30±1.98 14.29±1.84 14.75±2.23* 14.75±2.43* <0.000

Group 1: male  18.5≤BMI <24kg/m2 and female 18.5≤BMI <24kg/m2; group 2: female BMI ≥ 24 kg/m2 and male
18.5≤BMI<24 kg/m2; group 3: female 18.5≤BMI < 24 kg/m2 and male BMI≥24 kg/m2; group 4: female BMI ≥ 24
kg/m2 and male BMI≥24 kg/m2

The values are presented as mean (± SD), compared using linear regression (group 1 as reference).

* P<0.05 was considered statistically signi�cant.

 

Table 2 Comparison of clinical outcomes from IVF  treatment between male and female BMI status.
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variables Group 1 (N=3413) Group 2
(N=1437)

Group 3
(N=4283)

Group 4
(N=2176)

P-
trend

Available embryo rate
(%)

64.62±22.89 63.61±23.73 64.67±23.02 63.40±23.91 0.235

High quality embryo
rate (%)

39.80±25.24 38.90±25.99 40.30±25.60 39.28±26.35 0.996

Fertilization rate (%) 83.71±18.08 82.05±18.45* 83.94±17.48 82.34±18.81* 0.284

Normal fertilization
rate (%)

62.46±20.19 60.41±20.31* 61.95±19.81 60.82±21.03* 0.084

Cleavage rate (%) 98.39± 6.14 98.43± 5.84 98.63± 5.24 98.39± 5.57 0.430

Blastocyst rate (%) 31.20±37.22 32.89±36.79 33.82±37.32* 32.61±37.16 0.053

Implantation rate (%) 86.21±26.93 86.54±26.62 87.92±29.80 87.13±27.48 0.216

Clinical pregnancy (n,
%)

1274/1947
(65.43)          

606/894
(67.79)

1638/2461
(66.56)

891/1313
(67.86)

0.212

Abortion (n, %) 71/1274 (5.57) 41/606 (6.75) 80/1638 (4.88) 56/891 (6.29) 0.985

Live birth (n, %) 1096/1947 (56.29) 516/894
(57.72)

1438/2461
(58.43)

753/1313
(57.35)

0.338

The values are presented as mean (± SD) and proportion, compared using linear regression and logistic regression
respectively (group 1 as reference).

* P<0.05 was considered statistically signi�cant.

 

Table 3. The association of BMI status and IVF  treatment outcomes.
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  Model 1 Model 2

  b-coe�cient (95% CI) P-value b-coe�cient (95% CI) P-value

Available embryo rate (%)        

Group 1 Referent   Referent  

Group 2 -1.00 (-2.44, 0.43) 0.171 -1.14 (-2.42, 0.14) 0.082

Group 3 0.00 (-1.05, 1.05) 0.996 -0.46(-1.38, 0.46) 0.329

Group 4 -1.26 (-2.51, -0.00) 0.050 -1.29 (-2.42, -0.16) 0.026

P-trend -0.25 (-0.64, 0.13) 0.200 -0.32 (-0.66, 0.02) 0.069

High quality embryo rate (%)        

Group 1 Referent   Referent  

Group 2 -0.90(-2.48, 0.69) 0.269 -0.60 (-2.16, 0.95) 0.447

Group 3 0.49(-0.67, 1.65) 0.412 0.17 (-0.95, 1.29) 0.770

Group 4 -0.52 (-1.91, 0.87) 0.461 -0.87( -2.24, 0.51) 0.217

P-trend -0.00 (-0.43, 0.43) 0.990 -0.14 (-0.56, 0.28) 0.512

Fertilization rate (%)        

Group 1 Referent   Referent  

Group 2 -1.66(-3.10, -0.23) 0.023 -1.56(-2.95, -0.16) 0.029

Group 3 0.18(-0.87, 1.23) 0.736 -0.07(-1.07, 0.93) 0.893

Group 4 -1.40 (-2.66, -0.15) 0.028 -1.61(-2.84, -0.38) 0.010

P-trend -0.23(-0.61, 0.16) 0.247 -0.30 (-0.68, 0.07) 0.110

Normal fertilization rate (%)        

Group 1 Referent   Referent  

Group 2 -2.06(-3.66, -0.45) 0.012 -2.06(-3.47, -0.66) 0.004

Group 3 -0.60 (-1.77, 0.57) 0.315 -0.95(-1.96, 0.06) 0.066

Group 4 -1.72 (-3.12, -0.31) 0.006 -1.90(-3.14, -0.65) 0.003

P-trend -0.42(-0.85, 0.02) 0.060 -0.50(-0.88, -0.12) 0.009

Cleavage rate (%)        

Group 1 Referent   Referent  

Group 2 0.04 (-0.31, 0.39) 0.832 0.06 (-0.33, 0.45) 0.765

Group 3 0.24 (-0.01, 0.50) 0.065 0.34 (0.06, 0.61) 0.019

Group 4 0.00(-0.30, 0.31) 0.977 0.03 (-0.32, 0.37) 0.878
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P-trend 0.04 (-0.06, 0.13) 0.417 0.06 (-0.04, 0.17) 0.243

Blastocyst rate (%)        

Group 1 Referent   Referent  

Group 2 1.69 (-0.93, 4.31) 0.206 1.25 (-1.54, 4.04) 0.381

Group 3  2.47 (0.57, 4.38) 0.011 1.58 (-0.42, 3.58) 0.122

Group 4 1.30 (-0.99, 3.59) 0.265 0.48 (-1.99, 2.95) 0.703

P-trend 0.64 (-0.06, 1.35) 0.074 0.33 (-0.42, 1.08) 0.392

Clinical pregnancy        

Group 1 Referent   Referent  

Group 2 1.11 (0.94, 1.32) 0.214 1.02 (0.85, 1.23) 0.850

Group 3 1.06 (0.94, 1.21) 0.341 1.04 (0.91, 1.19) 0.583

Group 4 1.12 (0.97, 1.31) 0.122 1.09 (0.92, 1.29) 0.299

P-trend 1.03 (0.99, 1.08) 0.160 1.03 (0.98, 1.08) 0.305

Abortion        

Group 1 Referent   Referent  

Group 2 1.23(0.83, 1.83) 0.307 1.12 (0.71, 1.75) 0.625

Group 3 0.84 (0.61, 1.17) 0.310 0.84 (0.59, 1.20) 0.341

Group 4 1.11(0.77, 1.59) 0.580 0.94 (0.63, 1.42) 0.784

P-trend 0.99 (0.88, 1.11) 0.866 0.95 (0.84, 1.08) 0.452

Live birth        

Group 1 Referent   Referent  

Group 2 1.06 (0.90, 1.25) 0.467 1.01(0.85, 1.21) 0.902

Group 3 1.11 (0.98, 1.25) 0.096 1.08 (0.95, 1.23) 0.241

Group 4 1.06 (0.92, 1.22) 0.454 1.03 (0.88, 1.21) 0.683

P-trend 1.03 (0.98, 1.07) 0.240 1.02(0.97, 1.07) 0.404

Model 1 adjusted for female age and male age.

Model 2 adjusted for female age, male age, year of infertility, E2 on HCG day, FSH on HCG day, P on HCG day, LH
on HCG day, number of available embryos, left testicular volume, and right testicular volume.

 

Figures



Page 16/25

Figure 1

Flow-chart of the study cohort characteristics.
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