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Abstract: As one of the limited reference parameters for the appropriate timing of human chorionic gonadotropin 
(hCG) priming and embryo transfer (ET), peak serum estradiol (E2) level and related parameters have been consid-
ered to be a possible marker of in vitro fertilization (IVF) outcomes. To our knowledge, few reports have investigated 
the correlation between the ratio of peak serum E2 to the number of follicles ≥ 14 mm on the day of hCG adminis-
tration (i.e., the E2/fol. ratio) and the miscarriage rate (MR) in assisted reproductive cycles. In this study, a total of 
1376 cycles were examined and grouped into quartiles by E2/fol. ratio. The patient characteristics, controlled ovar-
ian hyperstimulation (COH) performance, and IVF/ICSI results were compared between the four groups. Patients 
were further categorized as younger than 35 years of age or 35 years of age and older. The association between 
the E2/fol. ratio and the implantation rate (IR) or MR was examined using the Mantel-Haenszel test for each group. 
We found that the E2/fol. ratio correlated with the IR and MR for women younger than 35 years of age. There was a 
statistically significant increase in the IR with E2/fol. ratio between 279.83 and 552.28 pg/ml, and women with an 
E2/fol. ratio > 552.28 pg/ml were more likely to suffer miscarriages. Our data support a role for cryopreservation of 
all embryos when E2/fol. ratio exceeds 552.28 pg/ml for women younger than 35 years of age.
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Introduction

Controlled ovarian hyperstimulation (COH) is 
important to the success of in vitro fertilization 
and embryo transfer (IVF-ET). In addition to the 
number and diameter of the developing follicles 
estimated with transvaginal ultrasound scan, 
the serum estradiol (E2) level is important to 
consider when adjusting the gonadotropin (Gn) 
dose and deciding the appropriate timing of 
human chorionic gonadotropin (hCG) adminis-
tration. It is generally accepted that serum E2 is 
necessary for follicle/oocyte maturation and 
endometrial receptivity, but as multiple follicles 
develop during COH and the number of follicles 
varies between individuals, using serum E2 
alone to evaluate the effect of COH or to predict 
IVF outcomes has limitations.

Because of this limitation, the ratio of peak 
serum E2 to the number of follicles ≥ 14 mm on 

the day of hCG administration (E2/fol. ratio) and 
the ratio of serum E2 to oocytes retrieved (E2/
oocyte ratio) have received more attention in 
recent years. Findings have varied regarding 
the predictive value of E2/fol. or E2/oocyte ratio 
in assisted reproductive technology (ART), with-
out resulting consensus. Orvieto et al. have 
found that the E2/fol. and E2/oocyte ratios could 
not predict IVF outcomes for normal-to-high 
responder patients undergoing long GnRH-
agonist protocols [1], while Loumaye et al. have 
reported that the E2/oocyte ratio was a power-
ful predictor of pregnancy outcomes, specifi-
cally finding that the pregnancy rate (PR) was 
highest when the E2/oocyte ratio was between 
70 and 140 pg/ml [2]. However, past literature 
has adopted implantation rate (IR) and PR as 
the main indices of ART outcome, while the mis-
carriage rate (MR) has generally not been 
considered.
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Building on these findings, this study sought to 
evaluate the probable influence of E2/fol. on 
pregnancy outcomes, particularly the MR and 
IR, and to establish an optimal range of E2/fol. 
levels without compromising outcomes.

Materials and methods

Patients

This retrospective, non-interventional, single-
center cohort study evaluated patients under-
going long gonadotropin-releasing hormone 
agonist (GnRH-a) protocols with IVF/intracyto-
plasmic sperm injection (ICSI) treatment at a 
reproductive medicine center in Tongji hospital 
between July 2011 and July 2012. A total of 
1376 IVF/ICSI cycles were examined. Patients 
using antagonist, short, or prolonged protocols 
were excluded. All semen analyses of the 
spouses were normal. Institutional review 
board approval was not necessary because 
subjects underwent routine IVF/ICSI treatment 
in our center, and no additional intervention 
was applied.

COH protocol

All patients underwent COH using the GnRH-a 
long protocol. Briefly, patients received a sub-
cutaneous injection of 0.1 mg GnRH-a 
(Decapeptyl, Ferring, Switzerland, or Diphere- 
line, Ipsen, Australia) daily starting from the 
midluteal phase of the preceding cycle and 
reduced to 0.05 mg after adequate pituitary 
down-regulation was achieved. Serum E2 mea-
surement and ultrasound monitoring were initi-
ated after 14 days of downregulation. Complete 
pituitary suppression was confirmed by serum 
E2 level < 30 pg/ml and serum LH level < 3 
mIU/ml. Ovarian stimulation was initiated by 
intramuscularly administering 150-300 IU/d 
recombinant follicle-stimulating hormone (FSH) 
(Gonal-F, Serono, Switzerland, or Puregon, 
Organon, Netherlands). The FSH dosage was 
adjusted according to the ovarian response, 
which was assessed by the transvaginal ultra-
sound and serum E2 level. Recombinant hCG 
(Serono, Switzerland) was administered to trig-
ger follicle maturation when at least 2-3 folli-
cles ≥ 18 mm in size were observed. Vaginal 
oocyte retrieval was performed 34-36 hours 
after administering hCG. ICSI was performed if 
the sperm quality was unexpectedly low on the 
day of oocyte retrieval, or if low or no fertiliza-
tion had occurred in the previous cycles.

The embryos were scored according to the 
cleavage stage, blastomere size and shape, 
and fragmentation. Embryos were categorized 
in 4 classes. Class 1 and Class 2 embryos were 
considered to be high-quality embryos. Fewer 
than 3 embryos were transferred on day 2 or 3 
after the oocyte retrieval, and the remaining 
high-quality embryos were cryopreserved for 
subsequent frozen-thawed embryo transfer 
(FET) cycles. Luteal phase support was provid-
ed by injecting 60 mg progesterone daily begin-
ning the day after the oocyte retrieval.

Patient groupings

Patients in the study were grouped according to 
E2/fol. ratio quartiles. The patient characteris-
tics, COH performance, and IVF/ICSI results 
were compared between the 4 groups.

Patients were further categorized into 2 age 
groups: (i) younger than 35 years of age and (ii) 
35 years of age or older. The association 
between E2/fol. and IR or MR was examined for 
each group.

Pregnancy outcomes

The IR was defined as the number of gestation-
al sacs observed on ultrasound scan 5-7 weeks 
after transfer divided by the number of embry-
os transferred. An ongoing pregnancy was 
defined as a pregnancy with a fetal heartbeat 
observed on ultrasound after 12 weeks of ges-
tation. A miscarriage was defined as a clinical 
pregnancy that did not result in a delivery.

Statistical analysis

The Shapiro-Wilks test was used to evaluate 
the distribution of the data. Continuous data 
with a normal distribution was reported as the 
mean and standard deviation (SD). Data with 
non-normal distribution was presented as the 
median and range. Differences between the 
mean values were tested using a one-way anal-
ysis of variance (ANOVA). Differences between 
proportions were evaluated with the chi-square 
test and Fisher’s exact test.

To avoid introducing bias by assuming that any 
correlation between the serum E2/fol. ratio and 
IR or MR may be linear, patients were divided 
into 8 distinct groups according to serum E2/
fol. ratio on the day of the hCG adminis- 
tration: < 279.83, 279.83-337.23, 337.23-
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the common odds ratio (OR) 
and to test whether the overall 
degree of association is signifi-
cant. To identify any detrimen-
tal effect of the E2/fol. ratio 
threshold on pregnancy out-
comes, the OR value and 95% 
confidence interval (CI) for the 
IR and MR in each E2/fol. ratio 
interval were calculated using 
the lowest ratio group as a 
comparison.

A P value < 0.05 was consid-
ered to be statistically signifi-
cant. All analyses were con-
ducted using SPSS (Statistical 
Package for the Social Sci- 
ences) version 13.0 software 
(SPSS Inc.).

Table 1. Cycle parameter outcomes of variables, by quartile of E2/fol levels

Parameter
Quartile of E2/fol levels

P value
1 (Lowest) 2 3 4 (Highest)

E2/fol (pg/ml) < 337.23 337.23-426.08 426.08-552.28 ≥ 552.28 /
No. of cycles 305 357 356 358 /
Mean age (years) 30.7 ± 4.9 31.0 ± 4.7 31.1 ± 4.7 30.8 ± 4.5 NS
BMI (kg/m2) 22.12 ± 3.09 21.44 ± 2.81* 21.19 ± 2.75* 20.69 ± 2.44* < 0.001
Duration of infertility (years) 4.93 ± 3.78 4.63 ± 3.70 4.57 ± 3.43 4.67 ± 3.45 NS
Cycle D3 FSH (mIU/mL) 7.02 ± 2.51 6.94 ± 2.92 6.92 ± 2.37 6.70 ± 2.18* NS
E2 (pg/mL) 3049 ± 1541 4232 ± 1825* 5135 ± 2270* 7061 ± 3246* < 0.001
No. of follicles with diameter > 14 mm 11.27 ± 4.95 11.12 ± 4.76 10.64 ± 4.61 10.49 ± 4.76 NS
No. of oocytes retrieved 12.19 ± 6.73 12.50 ± 6.36 12.67 ± 6.39 13.86 ± 7.94* 0.01
No. of fertilised oocytes 7.75 ± 4.88 8.01 ± 4.81 7.90 ± 4.47 8.79 ± 5.74* 0.033
No. of cleavage embryos 7.73 ± 4.89 8.01 ± 4.81 7.90 ± 4.48 8.78 ± 5.75* 0.032
No. of available embryos 4.43 ± 2.83 4.46 ± 2.79 4.32 ± 2.68 4.77 ± 3.11 NS
No. of D3 high-quality embryos 6.00 ± 4.47 5.83 ± 4.36 5.99 ± 4.11 6.63 ± 5.13 NS
No. of transferred embryos 1.63 ± 0.78 1.58 ± 0.80 1.57 ± 0.85 1.40 ± 0.94 0.002
No. of implantation embryos 0.68 ± 0.42 0.72 ± 0.50 0.74 ± 0.53 0.64 ± 0.39 0.029
Implantation rate (%) 25.86 31.47 33.58 27.58 0.022
Miscarriage rate (%) 12.59 7.10 13.41 22.90 0.001
Ectopic pregnancy rate (%) 3.50 4.14 1.68 2.29 NS
Data are presented as number (percentage) for categorical data, and mean ± standard deviation for parametrically distributed 
data. Differences between mean values were tested with one-way ANOVA. Differences between proportions were evaluated with 
the chi-square test. *The mean difference is significant (P < 0.05) when using the lowest quartile group as comparison. 

381.26, 381.26-426.08, 426.08-483.59, 48- 
3.59-552.28, 552.28-636.58, and > 636.58 
pg/ml. The IR and MR were calculated for each 
E2/fol. ratio interval group. The trend analyses 
of the data were assessed using the Mantel-
Haenszel test which can be used to estimate 

Results

Of the 1376 IVF/ICSI cycles included in the 
analysis (IVF; n = 1253; ICSI; n = 123), 292 
cycles were cancelled (cancellation rate, 
21.2%) either because no embryo was avail-

Figure 1. The Relationship between the IR or MR and peak E2/fol. ratio of 
the ART cycles.
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The clinical characteristics and 
outcomes of the four groups are 
presented in Table 1, which dem-
onstrates that the IR for cycles 
with an E2/fol. ratio < 337.23 pg/
ml was lower than those with an 
E2/fol. ratio between 337.23 and 
426.08 pg/ml, between 426.08 
and 552.28 pg/ml, or ≥ 552.28 
pg/ml (25.86%, vs. 31.47%, 33.5- 
8%, and 27.58%, respectively, P = 
0.022). Concurrently, the MR for 
cycles with an E2/fol. ratio ≥ 
552.28 pg/ml was higher than 
those with an E2/fol. ratio < 337.23 
pg/ml, between 337.23 and 
426.08 pg/ml, or between 426.08 
and 552.28 pg/ml (22.90% vs. 
12.59%, 7.10%, and 13.41%, 
respectively, P = 0.001). The gr- 
oups did not differ significantly 
with regards to the patient age, 
duration of infertility, cycle D3 
FSH, number of follicles ≥ 14 mm, 
and number of available embryos, 
number of D3 high-quality embry-
os, ongoing pregnancy rate, or 
ectopic pregnancy rate.

The overall trends of positive cor-
relation between IR or MR and E2/
fol. ratio were further illustrated in 
Figure 1. As shown in the figure, 
the MR decreased with an elevat-
ed E2/fol. ratio when the E2/fol. 
ratio value was < 381.26 pg/ml 
and sharply increased with an ele-
vated ratio when its value was > 
552.28 pg/ml. IR increased with 
elevated E2/fol. ratio when its 
value was > 279.83 pg/ml, pla-
teaued when the E2/fol. ratio 
ranged from 337.23 to 552.28 pg/
ml, and then declined when the 
E2/fol. ratio was > 552.28 pg/ml.

To find the specific range of E2/fol. 
ratio which could be detrimental to 

able for transfer (29 cycles), the number of 
retrieved oocytes was larger than or equal to 
20 (170 cycles), high serum progesterone lev-
els (87 cycles), or for other reasons (6 cycles). 
The average patient age was 30.9 years (range, 
20-49 years).

IVF outcomes, the patients were divided into 2 
age groups: younger than 35 years of age and 
35 years of age and older. Figure 2A and 2B 
displayed the ORs for the IR and MR, respec-
tively, for each of the serum E2/fol. ratio groups, 
using the lowest ratio group among patients 

Figure 2. A. The IR according to the serum E2/fol. ratio levels in women 
younger than 35 years of age. Data are expressed as the OR (95% CI) 
for each interval using the lowest ratio group (< 279.83 pg/ml) as a 
comparison. *P < 0.05 for comparison with the lowest E2/fol. ratio in-
terval. B. The MR according to the serum E2/fol. ratio levels in women 
younger than 35 years of age. Data are expressed as the OR (95% CI) 
for each interval using the lowest ratio group (< 279.83 pg/ml) as a 
comparison. *P < 0.05 for comparison with the lowest E2/fol. ratio in-
terval.
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er, this difference was not statis-
tically significant. Figure 2B dis-
plays an increased MR when the 
E2/fol. ratio was > 552.28 pg/ml. 
Therefore, an E2/fol. ratio of 
552.28 pg/ml may represent the 
threshold concentration, above 
which there was a negative effect 
of the E2/fol. ratio on pregnancy 
outcomes for patients younger 
than 35 years of age. Patients 
with low (< 552.28 pg/ml) or high 
(> 552.28 pg/ml) ratio levels 
were similar in terms of age, 
infertility type, duration of infertil-
ity, cycle D3 FSH, and number of 
embryos transferred. However, 
compared with the high E2/fol. 
ratio group, the low ratio group 
had more oocytes retrieved, 
more available embryos, and 
more D3 high-quality embryos 
(Table S1).

Figure 3A and 3B displayed the 
ORs for the IR and MR, respec-
tively, in each of the serum E2/fol. 
ratio groups using the lowest E2/
fol. ratio group among patients 
35 years of age and older (n = 
294) as a comparison. There was 
no similar threshold concentra-
tion with significance for IVF out-
comes. Patients with either low 
(< 552.28 pg/ml) or high (> 
552.28 pg/ml) ratio levels were 
similar with regards to age, infer-
tility type, duration of infertility, 
cycle D3 FSH, duration of gonad-
otropin administration, number 
of follicles with diameter > 14 
mm, and embryos transferred. 
Additionally, compared with the 
high E2/fol. ratio group, the low 
ratio group had more oocytes 
retrieved, more available embry-
os, and more day 3 high-quality 
embryos (Table S2).

Discussion

Figure 3. A. IR according to serum E2/fol. ratio levels in women older 
than 35 years of age. Data are expressed as the OR (95% CI) for each 
interval, using the lowest ratio group (< 279.83 pg/ml) as a comparison. 
*P < 0.05 for comparison with the lowest E2/fol. ratio interval. B. MR ac-
cording to serum E2/fol. ratio levels in women older than 35 years of age. 
Data are expressed as the OR (95% CI) for each interval, using the lowest 
ratio group (< 279.83 pg/ml) as a comparison. *P < 0.05 for comparison 
with the lowest E2/fol. ratio interval.

younger than 35 years of age (n = 1082) as a 
comparison. As shown in Figure 2A, when the 
E2/fol. ratio was between 279.83 and 552.28 
pg/ml, there was a statistically significant 
increase in the IR. When the E2/fol. ratio was > 
552.28 pg/ml, there was a reduced IR; howev-

In this cohort study, the E2/fol. ratio correlated 
with the IR and MR for patients under the age 
of 35 years. Although it is generally accepted 
that a live birth was the ultimate aim for 
patients seeking fertility treatments, miscar-
riage has become a major challenge to positive 
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IVF outcomes, and the live birth rate remained 
around 30% [3, 4]. In our study, the MR follow-
ing ART treatment was 17.11%, similar to previ-
ous findings. As a pilot study, we found a statis-
tically significant increase in the IR with an E2/
fol. ratio between 279.83 and 552.28 pg/ml 
(Figure 2A). Additionally, the E2/fol. ratio was 
strongly correlated with the risk of miscarriage, 
and patients younger than 35 years of age with 
cycles with an E2/fol. ratio > 552.28 pg/ml 
were more likely to suffer miscarriages (Figure 
2B).

This study has some major strength. Compared 
with ultrasound examination, the use of the 
serum E2 level in COH to predict impending ovu-
lation has been debated. The conflict stems 
from the fact that the recruitment of various 
cohorts of follicles at different developmental 
stages in the same cycle, with various degrees 
of steroidogenic capacity may result in asyn-
chrony of follicle growth and estrogen secre-
tion. Despite this fact, as the reference param-
eters for appropriate timing of hCG priming and 
ET are limited, researchers have sought to use 
serum E2 level and related parameters as a pre-
dictor of IVF/ICSI outcomes. To our knowledge, 
few reports have demonstrated the correlation 
between E2/fol. ratio and MR, which ranged 
from 10% to 20% [3]. Moreover, to remove the 
variable of partner fertility, we only included the 
cases with normal spousal semen analysis. In 
addition, as a lower PR and a higher MR most 
commonly occurred in IVF cycles in patients 
older than 35 years, with outcomes worsening 
in patients older than 40 years [5, 6], the cases 
were further divided into patients younger than 
35 years of age, and patients 35 years of age 
and older. In this pilot study, the small sample 
size of patients aged 35 years and older is the 
limitation of our findings. Thus, further study is 
warranted to examine the association between 
the E2/fol. ratio and the IR or MR.

An elevated E2/fol. ratio was associated with a 
higher serum E2 level, which may have affected 
oocyte maturation and compromised endome-
trial receptivity. As demonstrated in Tables S1, 
S2, for the different age groups, the low E2/fol. 
ratio group had more oocytes retrieved, more 
available embryos and more D3 high-quality 
embryos when compared with the high ratio 
group. This result demonstrates that pregnancy 
outcomes do not improve with unlimited 

increases in serum E2 and that control of serum 
E2 levels may decrease the occurrence of COH 
complications, such as OHSS. However, FET 
has been highly praised in recent years. Ubaldi 
et al [7] and Fauque et al [8] have suggested 
that FET may increase the cumulative pregnan-
cy rate per patient, a finding that is supported 
by Lundin et al [9], who reported that FET 
improved the cumulative live birth rate per 
patient. 

These reports suggest that FET cycles achieved 
better embryo-endometrial synchrony when 
compared with fresh ET cycles. In recent years, 
researchers have also reported that neonatal 
outcomes and birth defects after cryopreserva-
tion were similar or even improved when com-
pared to fresh ET [10-12]. Moreover, our large 
cohort study demonstrated that FET cycles 
were associated with a statistically significantly 
lower risk of ectopic pregnancy when compared 
with fresh cycles [13].

In conclusion, our data suggest that for patients 
younger than 35 years of age, the cryopreser-
vation of all embryos when the E2/fol. ratio > 
552.28 pg/ml may be warranted. Our findings 
may be most helpful to clinicians counseling 
patients regarding the influence of serum E2 
level on the timing of ET and pregnancy out-
comes. For patients older than 35 years of age, 
however, we did not find a similar threshold 
value for the E2/fol. ratio and maximal IR or MR 
optimization, which may have been caused by 
our limited sample size of patients older than 
35 years of age.
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Table S1. Clinical characteristics of patients in group A and B
Parameter Group A Group B P value
E2/fol (pg/ml) 339.4 (37.0-552.1) 667.2 (554.2-3333.3) < 0.01
No. of cycles 887 175
Mean age (years) 29.0 ± 3.1 29.4 ± 3.2 NS
Primary infertility (%) 41.6 (369/887) 44.0 (77/175) NS
Secondary infertility (%) 58.4 (518/887) 56.0 (98/175) NS
Duration of infertility (years) 4.0 ± 2.7 4.3 ± 2.9 NS
BMI (kg/m2) 20.9 ± 2.8 20.2 ± 2.4 < 0.01
Cycle D3 FSH (mIU/mL) 6.3 (1.0-35.4) 6.6 (2.2-19.0) NS
Peak serum E2 level (pg/mL) 4795.0 (368.0-17906.0) 6107.0 (891.0-19239.0) < 0.01
No. of follicles with diameter > 14 mm 11.8 ± 4.6 10.7 ± 4.3 < 0.01
Duration of gonadotropins (days) 11 ± 1.8 11 ± 2.1 < 0.01
No. of oocytes retrieved 14.8 ± 6.8 9.2 ± 5.2 < 0.01
No. of available embryos 5.1 ± 3.0 3.5 ± 2.2 < 0.01
No. of D3 high-quality embryos 7.2 ± 4.7 4.4 ± 3.6 < 0.01
No. of embryos transferred 1.5 ± 0.9 1.5 ± 0.8 NS
Note: NS = not significant; Patients were younger than 35 years of age. Group A: patients with an E2/fol. ratio lower than 
552.28 pg/ml. Group B: patients with an E2/fol. ratio higher than 552.28 pg/ml. Continuous variables with normal distribution 
are shown as the mean ± SD; a t-test was performed. Continuous variables with non-normal distribution are presented as the 
median (range); the Mann-Whitney U-test was performed. Category variables are presented as number and percentage; the 
chi-square test was performed to compare the proportion. 

Table S2. Clinical characteristics of patients in group A and B
Parameter Group A Group B P value
E2/fol (pg/ml) 345.7 (83.3-520.5) 678.5 (524.8-3347.0) < 0.01
No. of cycles 219 73
Mean age (years) 37.8 ± 2.6 37.4 ± 2.5 NS
Primary infertility (%) 25.6 (56/219) 34.2 (25/73) NS
Secondary infertility (%) 74.4 (163/219) 65.8 (48/73) NS
Duration of infertility (years) 7.5 ± 4.9 6.3 ± 5.3 NS
BMI (kg/m2) 22.4 ± 2.8 21.2 ± 2.1 < 0.01
Cycle D3 FSH (mIU/mL) 6.7 (2.9-27.5) 6.2 (2.4-22.3) NS
Peak serum E2 level (pg/mL) 2899.0 (257.0-13443.0) 3973.0 (804.0-11478.0) < 0.01
No. of follicles with diameter > 14 mm 8.2 ± 4.6 8.0 ± 4.2 NS
Duration of gonadotropins (days) 10.9 ± 2.0 11.1 ± 2.1 NS
No. of oocytes retrieved 9.9 ± 5.8 6.5 ± 4.0 < 0.01
No. of available embryos 3.4 ± 2.1 2.7 ± 1.7 < 0.01
No. of D3 high-quality embryos 4.3 ± 3.4 2.5 ± 2.7 < 0.01
No. of embryos transferred 1.7 ± 0.8 1.6 ± 0.9 NS
Note: NS = not significant; Patients were older than 35 years of age. Group A: patients with an E2/fol. ratio lower than 552.28 
pg/ml. Group B: patients with an E2/fol. ratio higher than 552.28 pg/ml. Continuous variables with normal distribution are 
shown as the mean ± SD; a t-test was performed. Continuous variables with non-normal distribution are presented as the 
median (range); the Mann-Whitney U-test was performed. Category variables are presented as number and percentage; the 
chi-square test was performed to compare the proportion. 


