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a b s t r a c t

Objective: Embryo quality is crucial for determining the outcome of embryo implantation. This study
aimed to assess the impact of embryo quality on the outcome of in vitro fertilization/single-embryo
transfer (IVF-SET).
Materials and methods: This retrospective study included 2531 fresh IVF-SET cycles, including 277 poor-
quality and 2254 top-quality embryos. The clinical pregnancy rate, miscarriage rate, live birth, implan-
tation rate, pregnancy outcome and complication were analyzed and compared. Risk factors associated
with miscarriage rate and pregnancy complication were identified using logistics regression analysis.
Results: Top-quality embryos resulted in higher clinical pregnancy rate (30.5% vs. 12.6%, P < 0.001) and
live birth rate (23.9% vs. 9.7%, P < 0.001) compared with poor-quality embryos. Logistics regression
analysis revealed that embryo quality was not correlated with miscarriage rate (95% CI 0.33e1.89) and
pregnancy complications (95% CI 0.12e7.84). Maternal age and body mass index was a risk factor for
miscarriage rate (95% CI 1.05e1.22) and pregnancy complication (95% CI 1.01e1.29), respectively.
Conclusion: Clinical miscarriage rate and pregnancy complication were embryo quality independent.
Maternal age was the risk factor for miscarriage rate. Embryo quality did not affect miscarriage once a
clinical pregnancy is achieved.
© 2020 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Established facts

1. Pregnancy rate was significantly reduced in patients receiving
poor quality embryos.

2. Maternal age, but not embryo quality was a risk factor for
miscarriage rate.

3. Maternal BMI was a risk factor for pregnancy complication.
Introduction

In vitro fertilization (IVF) is in increasing demand because of
the rising prevalence of infertility [1]. In European countries with
high fertility rates, IVF is an integral technique in women aged
over 30 years [2]. Single-embryo transfer (SET) is recommended
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and widely used for infertile families [3,4]. Many studies have
reported that the quality of cleavage embryo has a key role in
determining the implantation rate, successful rate of embryo
implantation and pregnancy outcome [5,6]. Good-quality em-
bryos will raise the rate of implantation and clinical pregnancy,
and increase live birth rate [7]. Therefore, there are emerging
technologies to improve the quality of embryo before embryo
transfer, including autologous mitochondrial transfer accompa-
nied with ICSI [6] and pretreatment with coenzyme Q10 [8].
However, for patients without good-quality embryo transfer and
insufficient economic conditions, they have to transfer poor-
quality embryos.

Recently, a few studies evaluated the relationship between em-
bryo quality and adverse perinatal outcome [9,10]. Some authors
demonstrated that the miscarriage rate is higher in women received
the poor-quality embryos than women received good-quality em-
bryos [9,11]. Others reported that there was no difference in the im-
plantation rate, miscarriage rate, perinatal and pregnancy outcomes
between the two groups [10,12]. The poor-quality embryos also have
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the potential for a successful pregnancy [10,11]. For a fairly large
number of women with ovarian failure, the SET of poor-quality em-
bryos is the only way for them to choose. Thus, it is important to
determinewhether the SETof poor-quality embryoswould result in a
higher miscarriage rate, and worse pregnancy outcome compared
with SET of with good quality embryos.

This study was conducted to assess the differences in pregnancy
outcomes in IVF-SET with good-quality and poor-quality cleavage
embryos at the Center for Reproductive Medicine of Women's
Hospital School of Medicine Zhejiang University between January
2011 and January 2017. Our study would provide helpful advice for
couples when they only have poor-quality embryos for IVF-SET.

Materials and methods

Experimental design

This study is a retrospective cohort study including 2531 IVF-
SET fresh cycles at the Center for Reproductive Medicine of
Women's Hospital, School of Medicine, Zhejiang University,
Hangzhou, China, between January 2011 and January 2017. Inclu-
sion criterion was women undergoing their first fresh SET cycle
using autologous oocytes. Women who had uterine malformation
and/or received a genetic diagnosis before implantation were
excluded. On the basis of embryo quality, patients were sub-
categorized into two groups (poor-quality embryo and top-quality
embryo groups) according to the quality of embryos that they
received on SET. Subsequently, the demographic characteristics
including patients' age, body mass index (BMI; kg/m2), dose of
gonadotrophin, main cause of infertility, the number of oocytes
retrieved and fertilization rate were recorded. Causes of infertility,
including polycystic ovarian syndrome (PCOS), male infertility,
poor ovarian reserve, endometriosis, tubal factor infertility or un-
explained infertility were recorded.

Ovulation stimulation protocol

Patients were subjected to different stimulation protocols such
as short agonist protocol, midluteal long agonist protocol, fixed
antagonist protocol, ultra-long protocol, microdose flare protocol or
natural cycle protocol according to their conditions. IVF including
intracytoplasmic sperm injection (ICSI) was performed according to
the cause of infertility and semen quality on the day of oocyte
harvest. Fertilization was defined when two pronuclei and two
polar bodies were appeared at 16e18 h after insemination.

Embryo culture and transfer

The embryos were cultured in G1™ cleavage medium (Vitrolife,
Gothenburg, Sweden). On day 2 (43e45 h) or day 3 (67e69 h) post
insemination, embryonic development was evaluated and SET was
performed. On day 15 or day 16 post SET, serum beta-human chori-
onic gonadotropin (hCG) concentration was tested and women with
hCG � 5 ng/ml were suspected of pregnancy. Definite diagnosis of
pregnancy was confirmed using ultrasound at 30e35 days post SET.

Embryo quality

The cleavage-stage embryos were assessed and graded accord-
ing to cell count and fragmentation percent as recommended by
the Spanish Society for the Study of Reproductive Biology (ASEBIR)
embryo assessment criteria with modifications [13]. The embryo
quality was classified into three categories [1]: good quality: em-
bryo had 4 or 5 cells on day 2, 7 to 9 cells on day 3, and <10%
anucleated fragmentation [2]; fair quality: embryo had 3 cells on
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day 2, 6 cells on day 3 and 10e25% anucleated fragmentation; and
[3] poor quality: embryo had less than 2 cells on day 2, less than
5 cells on day 3, and >25% anucleated fragments. Embryos had
>35% anucleated fragments with uneven blastomere symmetry,
abnormal zona pellucida and multinucleationwere not used in this
study. Embryos with fair and good qualities were classified into the
top-quality group and that with poor quality were assigned into the
poor-quality group. Cleavage grading was measured by five trained
embryologists, and disagreements were solved by discussion and
consensus including other three authors. After SET, the other em-
bryos with good quality and fair quality were frozen and stored
according to patient requirement.

Clinical outcomes

Clinical outcomes included ectopic pregnancies, miscarriage,
and live births. Adverse perinatal outcomes included small for
gestation age (SGA; below the 10th percentile for gestational age)
or large for gestation age (LGA; above the 90th percentile), low
birthweight (LBW, < 2500 g), very low birthweight (VLBW,
<1500 g), preterm delivery (PTD, less than 37 gestational weeks) or
very PTD (VPTD, less than 32 gestational weeks), and congenital
malformations. Pregnancy complications included uterus rupture,
pre-eclampsia, placenta previa, placental abruption, gestational
diabetes, premature rupture of membranes, oligohydramnios, fetal
distress, postpartum hemorrhage, and intrahepatic cholestasis of
pregnancy.

Statistical analysis

SPSS 17.0 software was used for statistical analyses. The de-
mographic characteristics of patients were compared between two
groups using t tests (for continuous variable) or chi-squared test
(for categorical and counting variables). Risk factors for miscarriage
rate were assessed using logistics regression analysis after adjust-
ment for maternal BMI, paternal age, cause of infertility, cycle with
ICSI, and the number of oocytes retrieved. Also, the correlation
between embryo quality and pregnancy complicationwas analyzed
using logistic regression analysis after adjusting for maternal age,
maternal BMI, paternal age, cause of infertility, cycles with ICSI,
gestation age, method of delivery, and birthweight. Odds ratio (OR)
and 95% confidential interval (CI) were calculated during logistics
analysis. P < 0.05 was defined as statistical significant.

Results

The 2531 fresh IVF-SET cycles included 2254 top-quality em-
bryos and 277 poor-quality embryos. The mean age of women and
their partner in the poor-quality group was both older than those in
the top-quality group (P < 0.001 and P¼ 0.001; Table 1). Therewere
no differences inmaternal BMI, cycles with ICSI, and gonadotrophin
level between the two groups. The number of retrieved oocytes
(6.06 ± 5.11 vs. 11.94 ± 7.22, P < 0.001) and fertilized oocytes
(1.74 ± 1.90 vs. 6.44 ± 5.53, P < 0.001), and fertilization rate
(41.99 ± 30.82% vs. 52.63 ± 27.11, P < 0.001) in poor-quality group
were significantly lower than those in top-quality group. The cause
of infertility was significantly different between the two groups.
Tubal factor (14.8%) and male sperm problems (4.7%) were the
major cause of infertility in the top-quality embryo group. The
poor-quality embryo group had a higher rate of poor ovarian
reserve comparedwith the top-quality embryo group (1.4% vs. 0.3%,
P ¼ 0.025, Table 1).

The top-quality embryo group had higher pregnancy and birth
rate than the poor-quality embryo group (30.5% vs.12.6%, P < 0.001;
23.9% vs. 9.7%, P < 0.001, respectively). No statistical differences



Table 1
Characteristics and outcomes of patients.

Top-quality (n ¼ 2254) Poor-quality (n ¼ 277) P value

Maternal age (y) 31.02 ± 4.83 32.65 ± 5.44 <0.001a

Paternal age (y) 33.20 ± 5.69 34.50 ± 6.12 0.001a

Maternal BMI (kg/m2) 21.83 ± 3.07 21.89 ± 3.16 0.73a

Cycles with ICSI 574 (25.5%) 81 (29.2%) 0.191
Dose of gonadotrophin (IU) 2100.49 ± 832.59 2124.32 ± 1058.11 0.718a

Number of oocytes retrieved 11.94 ± 7.22 6.06 ± 5.11 <0.0001b

Number of fertilized oocytes 6.44 ± 5.53 1.74 ± 1.90 <0.0001a

Fertilization rate (%) 52.63 ± 27.11 41.99 ± 30.82 <0.0001a

Cause of infertility
PCOS (%) 31 (1.4%) 0 0.042b

Male (%) 105 (4.7%) 5 (1.8%) 0.020b

Tubal factor (%) 333 (14.8%) 9 (3.3%) <0.0001b

Endometriosis (%) 37 (1.6%) 4 (1.4%) 1.000b

Poor ovarian reserve (%) 7 (0.3%) 4 (1.4%) 0.025b

Unexplained (%) 26 (1.2%) 5 (1.8%) 0.377b

Outcomes
Clinical pregnancy 688 (30.5%) 35 (12.6%) <0.0001b

Live births 539 (23.9%) 27(9.7%) <0.0001b

Pregnancy outcome n ¼ 688 n ¼ 35
Live births 539 (78.3%) 27 (77.1%) 0.867b

Miscarriage 106 (15.4%) 8 (22.9%) 0.238b

First trimester 97 (14.1%) 7 (20.0%) 0.332b

Second or third trimester 9 (1.3%) 1 (2.9%) 0.393b

Ectopic pregnancy 43 (6.3%) 0 (0) 0.247b

Birthweight (g) 3232.14 ± 499.53 3258.52 ± 407.50 0.787a

Gestational age (w) 38.41 ± 1.92 38.81 ± 1.15 0.277a

Male gender (%) 262/539 (48.6%) 18/27 (66.7%) 0.067b

Mode of delivery n ¼ 539 n ¼ 27 0.409b

Vaginal delivery 190 (35.3%) 7 (25.9%)
Caesarean section 349 (64.7%) 20 (74.1%)

Pregnancy complication (%) 28/539 (5.2%) 1/27 (3.7%) 1.00b

ICSI, intracytoplasmic sperm injection; BMI, body mass index. PCOS, polycystic ovarian syndrome. a and b indicates the statistical analysis is performed by t-test and chi-
squared test, respectively.

Table 3
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were found in miscarriage rate, ectopic pregnancy rate, birth-
weight, gestational age, gender ratio, delivery mode and morbidity
of pregnancy complications (Table 1). There were no significant
differences in LGA, SGA, LBW, VLBW, PTD, VPTD and congenital
malformations between the two groups (Table S1).

Logistic regression analysis showed maternal age was obviously
related to miscarriage rate after adjusting for confounding factors
including maternal BMI, paternal age, cause of infertility, cycle with
ICSI, and number of oocytes retrieved (P¼ 0.002, 95% CI 1.05e1.22).
After adjusting these confounding factors plus maternal age, em-
bryo quality was not a risk factor for miscarriage rate (P¼ 0.60, 95%
CI 0.33e1.89; Table 2) and pregnancy complication (P¼ 0.97, 95% CI
0.12e7.84; Table 3). However, maternal BMI was a key factor that
associated with the pregnancy complication after adjusting for
maternal age plus the above confounding factors (P ¼ 0.03, 95% CI
1.01e1.29).
Table 2
Logistic regression analysis for the factors that associate with miscarriage rate.

Variables b OR 95% CI P value

Embryo quality �0.24 0.79 0.33e1.89 0.60
Maternal age 0.12 1.13 1.05e1.22 0.002
Maternal BMI 0.07 1.07 0.99e1.15 0.052
Paternal age �0.03 0.97 0.91e1.03 0.36
Cause of infertility 0.70
Male �0.27 0.77 0.20e2.90 0.70
Tubal factor �0.03 0.97 0.33e2.88 0.96
Endometriosis �0.04 0.97 0.38e2.46 0.94
Poor ovarian reserve 0.55 1.73 0.57e5.27 0.34
Ovulatory disorder �0.04 0.96 0.19e4.96 0.96

Cycles with ICSI 0.14 1.15 0.63e2.10 0.66
Number of oocytes retrieved �0.01 0.99 0.96e1.02 0.53

ICSI, intracytoplasmic sperm injection; BMI, body mass index. OR, odds ratio. CI,
confidential interval.
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Discussion

In the present study, we confirmed that the rates of clinical
pregnancy and live birth were significantly increased in the top-
quality embryo group compared with those in the poor-quality
embryo group. Logistic regression analysis revealed that embryo
quality was insignificantly associated with miscarriage rate and
complications of pregnancy once a clinical pregnancy was
achieved.

Although women underwent double embryo transfer (DET)
achieved multiple pregnancy, they had higher miscarriage rate and
poorer obstetric and perinatal outcomes than those received SET
[11]. SET is generally recommended by physicians, especially when
Logistics regression analysis for the factors that associate with pregnancy compli-
cation (n ¼ 566).

b OR 95% CI P value

Maternal age 0.07 1.07 0.94e1.22 0.29
Embryo quality �0.05 0.95 0.12e7.84 0.97
Maternal BMI 0.14 1.14 1.01e1.29 0.03
Paternal age 0.03 1.03 0.93e1.12 0.53
Cause of infertility 0.99
Male �18.58 0.00 0.000 0.99
Tubal factor �0.431 0.65 0.09e4.81 0.67
Endometriosis �0.323 0.72 0.15e3.53 0.69
Poor ovarian reserve 0.13 1.14 0.16e8.07 0.90
Ovulatory disorder �19.13 0.00 0.000 1.00

Cycles with ICSI �0.23 0.79 0.23e2.79 0.72
Method of delivery 0.48 1.61 0.65e4.02 0.31
Gestational age �0.10 0.91 0.72e1.14 0.41
Birthweight �0.00 1.00 0.99e1.00 0.36

ICSI, intracytoplasmic sperm injection; BMI, body mass index. OR, odds ratio. CI,
confidential interval.
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there are more than one top-quality embryos [11,14,15]. In addition,
DET has a higher economic cost for every family managing short-
term and long-term implications of multiple pregnancy [16].
Therefore, the present study only included patients with SET, which
was a major strength for this study.

Embryo quality has been proven to be strongly associated with
the rates of implantation and live birth [6,17,18]. Our research dis-
played that the rates of clinical pregnancy and live birth in the top-
quality embryo group were more than 2-fold higher than those in
the poor-quality embryo group (30.5% vs. 12.6%, and 23.9% vs. 9.7%,
respectively). These results were similar to that reported in earlier
studies [17,18]. These studies suggested that there were close re-
lationships between embryo quality and the success rates of im-
plantation and live birth. Therefore, women and clinicians both give
preference to high-quality cleavage-stage embryos for IVF-SET.

For cleavage embryo with poor-quality, physicians have diffi-
culty deciding whether the SET should be performed. Available
evidence shows that SET of the poor-quality cleavage-stage em-
bryos has comparable pregnancy outcome compared with transfer
for the good quality embryos, although with a lower rate of preg-
nancy [10e12]. Previous studies showed that poor-quality cleav-
age-embryo significantly increased the rate of miscarriage [9] and
malformation [19]. Recently, there are more and more evidence
shows that poor-quality embryos has comparable pregnancy
outcome [11,20,21]. Oron et al. [10] and Akamine et al. [21] showed
that there were similar live birth rates and obstetric and neonatal
outcomes between patients receiving poor-quality and good-
quality embryos once a clinical pregnancy was achieved. Both of
them reported that the morbidity of PTD, birthweight, SGA, LGA,
malformation and pregnancy complications was not different be-
tween the two groups [10,21]. The higher rate of miscarriage after
embryo transfer in the study by Zhu et al. might be included by the
DET [9]. Evidence shows that DET results in a lower implantation
rate and a higher incidence of miscarriage and adverse perinatal
outcomes compared with SET [11,22]. In our present study there
was no significant difference in miscarriage rate and pregnancy
outcomes and complications between the two groups. After
adjusting for the confounding factors, we demonstrated that em-
bryo quality was not associated with the miscarriage rate and
pregnancy complication. Therefore, we confirmed that embryo
quality was not a risk factor for miscarriage and pregnancy com-
plications in pregnant women after IVF-SET.

The only risk factor for miscarriage identified in this study was
maternal age after adjusting confounding factors. Pregnancy loss is
reported to be associated with endometrial factors, chromosomal
abnormality and history of polypectomy [23,24]. In women un-
dergoing IVF, serum beta-hCG concentrations at 14e16 days after
embryo transfer, endometrial thickness, low anti-Müllerian hor-
mone level, history of miscarriage, maternal age, frozen embryo
transfer, uterus malformation and PCOS are reported to be inde-
pendent factors that associates with spontaneous miscarriage
[25,26]. In patients with PCOS, BMI and basal androstenedione are
independent risk factors for miscarriage following IVF [27,28]. In
view of the embryo quality, evidence shows that the �30% sperm
DNA fragmentation in ICSI is correlated with poor embryo devel-
opment and a higher miscarriage rate [29]. It has been reported
that advanced maternal age is associated with oocyte chromosome
abnormality, and then is correlated with miscarriage [25,30,31].
However, the embryos with >30% anucleated fragments were
excluded, which may eliminate the impact of embryo quality on
miscarriage.

However, our present study was limited to the number of poor-
quality embryos for SET. This was because of that the patients who
had poor-quality embryos preferred to DET or withdrawn. This
small cohort had a weak power to determine the statistical
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differences in pregnancy complication and congenital malforma-
tion. There is evidence showing that obesity correlates positively
with branched-chain amino acids in follicular fluid microenviron-
ment [32], and lower serum b-hCG and progesterone after IVF [33].
These suggested that BMI may or may not influence the outcome of
IVF-SET using a large cohort study.

Based on the present cohort, we concluded that IVF-SET with a
poor-quality embryo did not result in a significant increase in
adverse outcomes (such as miscarriage rate and adverse pregnancy
outcome) in pregnant women compared with a good-quality em-
bryo. Maternal age was identified as the only risk factor for
miscarriage, and maternal BMI was the only risk factor for preg-
nancy complication.
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