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of HCG trigger and the number of mature
follicles, number of oocytes retrieved, and
the number of mature oocytes (M2) after
oocyte aspiration in ICSI cycles
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Abstract

Background: Estradiol is an important marker of ovarian response to ovarian stimulation in ART cycles. The study
tries to find the correlation of serum estradiol on the day of HCG trigger to the number of follicles, the number of
oocytes retrieved, and the number of mature oocytes, and also, to correlate estradiol per follicle and estradiol per
oocyte on the day of HCG, to the number of oocytes retrieved, and to the number of mature oocytes. It is a cross
sectional study using retrospective data.

Results: The data of 232 patients were analyzed. Our study showed a positive correlation between estradiol levels
and the number of follicles (NF) (r = 0.592, p < 0.001), number of retrieved oocytes (NRO) (r = 0.576, p < 0.001), and
number of mature oocytes (NMO) (r = 0.554, p < 0.001). E/follicle ratio did not have a significant correlation with
NRO and NMO. E/Oocyte ratio had a strong negative correlation with NMO (r = −0.280, p < 0.001)

Conclusions: Serum estradiol had a positive correlation with NF, NRO, and NMO. But E/O had a strong negative
correlation with NMO. These results indicate that estradiol levels can be used as an important clinical tool in the
prediction of oocyte and mature oocyte yield in ART cycles. Reproductive outcome in ART cycles is largely
dependent on the number of oocytes and mature oocyte yield. Estradiol levels on the day of HCG appear to
strongly correlate with the outcome of ART cycles.
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Background
Ovarian stimulation is the standard of care for in vitro
fertilization. The two important clinical parameters seen
during follicular tracking is the follicular size measured
by ultrasound and serum estradiol levels.
Estradiol (E2) or 17β E2 is the primary female sex

steroid secreted mainly from the granulosa cells of
the ovarian follicle. It is secreted in the follicular

phase of the menstrual cycle, peaks at the time of
ovulation before luteinizing hormone surge, and de-
clines and plateaus thereafter [1]. Measurement of E2
in in vitro fertilization/intracytoplasmic sperm injec-
tion (IVF/ICSI) cycles would be helpful to assess the
ovarian response and prediction of ovarian hyper
stimulation syndrome (OHSS). Several studies have
been performed to assess the impact of E2 levels on
the day of human chorionic gonadotropin (HCG) on
IVF-ICSI outcome. The results of these studies were
heterogeneous. Some studies have reported that
higher values adversely affected endometrial
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receptivity, whereas other studies showed no signifi-
cant effect [2–5]. Higher E2 level on the day of HCG
was found to have a positive impact on embryo qual-
ity, but extremely high levels were found to affect
embryo quality, implantation, and pregnancy [5, 6].
Medium levels of E2 exposure during ovarian stimula-
tion were found to have significantly higher number
of pregnancies than low and high E2 groups [7]. This
probably attributes to the higher pregnancy rates re-
ported after frozen-embryo transfer (FET) compared
to fresh ET due to lower exposure to hormones, such
as E2 [8].
The present study was designed to study the following

outcomes:

1) To find the correlation between estradiol levels
on the day of HCG trigger and the number of
mature follicles (NF), the number of oocytes
retrieved (NRO), and the number of mature
oocytes M2 (NMO) after oocyte aspiration in
ICSI cycles

2) To find the correlation of estradiol/follicle (E2/fol)
ratio (defined as estradiol levels (E2) level per
mature follicle > 14 mm), to the number of oocytes

retrieved (NRO), and to the number of mature
oocytes (NMO)

3) To find the correlation of estradiol/oocyte (E2/O)
ratio (defined as estradiol level per oocyte retrieved)
to the number of mature oocytes (NMO)

Methods
Study population
It was a cross-sectional study using retrospective data of
infertile couples who underwent intracytoplasmic sperm
injection (ICSI) in the ART clinic at Medical College,
Trivandrum, during the period January 2014 to October
2016. The data of all patients who underwent ICSI dur-
ing this period were analyzed. The cycles were long
agonist cycles or antagonist cycles. Women, whose estra-
diol levels were not recorded, were excluded from the
study.
Sample size was calculated using n Master version 2.0

with a power of 80% and significance level of 5%, and
the sample size was calculated as 188.
There were 232 cases of ICSI during the study period

from January 2014-October 2016. All cases were taken
for analysis. The data of all patients were collected from
case records. The quantitative variables are summarized
in mean and standard deviation (SD). Qualitative vari-
ables are in proportion. Correlation was found by Spear-
man correlation, and coefficient P value < 0.05 is taken
as statistically significant.
Ovarian stimulation was performed using long agonist

protocol or antagonist protocol, individualized depend-
ing on the patient characteristics. Combined oral contra-
ceptive pill (OCP) was started in the previous cycle and

Table 1 Age distribution of the study group

Age N Percentage

≤ 30 80 34.5

30-35 98 42.2

35-40 53 22.8

> 40 1 0.4

Total 232 100.0

Table 2 Frequency distribution of the study group according to
BMI, AMH, and AFC, N = 232

Variables Frequency Percentage

BMI Under weight (< 18.5 kg/m2) 7 3

Normal (18.5-24.9 kg/m2) 139 59.9

Over weight (25-29.9 kg/m2) 73 31.5

Obese (> 30 kg/m2) 13 5.6

AMH (pmol/L) Very low (< 2.2) 41 17.7

Low (2.2-15.7) 137 59.1

Satisfactory (15.7-28.6) 25 10.8

Optimal (28.6-48.5) 17 7.3

Very high (> 48.5) 12 5.2

AFC < 5 9 5.2

5-14 121 52.2

15-24 73 31.5

> 25 29 12.5

Table 3 Estradiol levels of the study group

Estradiol (pg/ml) Frequency Percentage

Group 1 (≤ 1000) 21 9.1

Group 2 (1000-2000) 36 15.5

Group 3 (2000-4000) 78 33.6

Group 4 (> 4000) 97 41.8

Table 4 Ratio of follicle, oocyte, and mature oocyte with
estradiol according to estradiol levels

Estradiol
(pg/ml)

N Estradiol-
follicle ratio

Estradiol-
oocyte ratio

Estradiol-mature
oocyte ratio

Mean SD Mean SD Mean SD

< 1000 21 339.1 220.5 280.7 241.6 367.9 273.8

1000-2000 36 348.2 307.0 298.9 215.7 390.8 306.1

2000-4000 78 397.2 200.0 369.6 231.5 525.3 526.4

> 4000 97 638.6 386.7 587.1 413.9 778.9 524.4

P value < 0.001 < 0.001 < 0.001

Malathi et al. Middle East Fertility Society Journal           (2021) 26:34 Page 2 of 10



given for a period of 2 weeks. A washout period of 7
days was given before starting gonadotrophins. In long
agonist protocol, leuprolide acetate 3.75 mg depot was
given 4 days prior to stopping OC pills. In antagonist
protocol, OCPs were administered for 2 weeks and a
washout period of 5 days. The gonadotropins used were
mainly recombinant follicle-stimulating hormone (FSH).
Human menopausal gonadotropin (HMG) was added
from day 1 or later in case of expected poor response,
poor initial response, or tardy follicular growth. The
doses of gonadotropins were decided according to the
individual patient characteristics, in both the protocols.
Follicular study was done by transvaginal ultrasound

with 8 MHz probe, starting from day 5 of ovarian stimu-
lation and every day thereafter. In antagonist protocol,
ganirelix (Orgalutran) 0.25 mg was administered by flex-
ible regime, when lead follicle reached 14 mm. Ovulation
was triggered by 250 mcg of recombinant HCG when at
least 3 follicles reached ≥ 17 mm. Serum E2 was esti-
mated by chemiluminescence assay, on the morning of
the day of ovulation trigger. Oocyte retrieval was per-
formed after 34–35 h of ovulation trigger. ICSI was done
on the mature oocytes (M2) recovered, within 2-4 h of
retrieval.
The study subjects were divided into five groups based

on the serum E2 level on the day of ovulation trigger.
Group 1—< 1000 pg/ml; Group 2—1000.1–2000 pg/

ml; Group 3—2000.1–3000 pg/ml;
Group 4—3000.1–4000 pg/ml; Group 5—> 4000 pg/

ml
The relationship of demographic parameters such as

age, body mass index (BMI), AMH levels (anti-Mullerian

hormone), and AFC (antral follicle count) with the estra-
diol values on day of HCG, number of mature follicles
(NFO), number of oocytes retrieved (NRO), and the
number of mature oocytes (NMO) were analyzed. The
outcome parameters, viz., NRO and NMO oocytes were
compared among these five groups. The correlation of
estradiol/follicle (E2/fol) ratio and the estradiol/oocyte
ratio (E2/O) with the NRO and NMO were also
analyzed.

Results
Data of 232 patients who underwent ICSI during the
study period was analyzed. The demographic parameters
were analyzed and then their relationship with estradiol
levels.
Ninety-eight women belonged to the age group of 30-

35 years (42.2%) as shown in Table 1.
One hundred thirty-nine patients (55.9%) had normal

BMI. Thirteen (5.6%) were obese. Forty-one patients
(17.7%) had very low AMH < 2.2 pmol/L, while 5.2%
had very high AMH. Nine patients (5.2%) had very low
AFC of < 5 and 12.5% had very high AFC (Table 2).
Twenty-one patients in the study (9.1%) had estradiol

values ≤ 1000 pg/ml. Thirty-six patients (15.5%)
belonged to group 2 (1000-2000 pg/ml). Seventy-eight
patients (33.6%) had E2 values between 2000 and 4000

Table 5 Mean and standard deviation of follicles, oocytes
retrieved, and mature oocytes according to age

Age N Follicles Oocytes retrieved Mature oocytes

Mean SD Mean SD Mean SD

≤ 30 80 10.88 5.94 12.39 6.60 9.70 5.85

30-35 98 10.05 5.93 10.86 6.01 8.64 5.51

> 35 54 7.96 4.98 9.61 6.45 7.46 5.43

p 0.015 0.041 0.078

Table 6 Mean and SD of estradiol in different age groups

Age
in
years

N Estradiol (pg/ml) p

Mean SD

≤ 30 80 4893.5 3660.3 0.021

31-35 98 4124.4 2930.6

> 35 54 3385.7 2316.9

Total 232 4217.7 3121.5

Table 7 Mean and standard deviation of follicles, oocytes
retrieved, and mature oocytes according to BMI of the study
group

BMI N Follicles Oocytes retrieved Mature oocytes

Mean SD Mean SD Mean SD

Under weight 7 12.57 9.14 12.14 5.43 10.00 3.96

Normal 139 9.55 5.76 10.59 6.44 8.30 5.64

Over weight 73 9.82 5.69 11.89 6.64 9.51 6.07

Obese 13 11.77 4.83 11.46 4.47 8.31 3.55

p value 0.344 0.527 0.459

Table 8 Mean and standard deviation of follicles, oocytes
retrieved, and mature oocytes according to the AMH levels of
the study group

AMH
(pmol/L)

N Follicles Oocytes retrieved Mature oocytes

Mean SD Mean SD Mean SD

Very low 41 5.93 4.54 7.07 5.48 5.88 5.08

Low 137 10.79 6.01 12.01 6.47 9.42 5.65

Satisfactory 25 9.00 5.01 10.08 5.63 7.60 5.27

Optimal 17 9.88 3.31 10.88 4.39 8.24 4.06

Very high 12 14.25 5.08 16.83 4.61 13.75 5.51

P value < 0.001 < 0.001 < 0.001
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pg/ml. Ninety-seven (41.8%) had very high E2 values
above 4000 pg/ml as shown in Table 3.
Table 4 shows the significant relation of estradiol

values with E2/follicle, E2/oocyte, and E2/M2 ratios. As
the estradiol values increased, all the above ratios in-
creased (p < 0.001).
As age increased the mean of the number of follicles,

oocytes and mature oocytes decreased, indicating that
age is an important ovarian reserve marker (Table 5).
However, the relation of age with mature oocytes was
not found to be significant. Consequent to this, as age
increased the mean estradiol values also decreased
(Table 6) indicating diminishing reserves (p = 0.021).
As weight increased, there was a drop in the number

of mature oocytes, though not statistically significant,
pointing to an adverse reproductive outcome in obese
patients (Table 7).
AMH had a significant positive relation with number

of follicles, oocytes, and mature oocytes (Table 8). Very
low AMH was associated with significantly reduced folli-
cles, oocytes, and mature follicles and vice versa. Very
high AMH was significantly associated with very high es-
tradiol values and vice versa, thus a predictive value for
OHSS in hyper responders (Table 9).
AFC again showed a significant positive relation (p <

0.001) with NFO, NRO, and NMO. This highlights the
significance of AFC as an important determinant of oo-
cyte and mature oocyte yield in ART (Table 10). As

AFC increased the mean of estradiol values increased,
which was found to be significant as shown in Table 11.
As estradiol levels increased the number of follicles,

oocytes retrieved, and mature follicles increased, which
was statistically significant (p < 0.001) (Table 12).

Correlation
Since normality assumption was not satisfied, Spearman
correlation coefficient was used for finding the correl-
ation between estradiol (E2) values and the NFO, NRO,
and NMO (Table 13). The analysis showed that there
was a strong positive correlation between E2 levels and
the said parameters. No. of follicles (r = 0.592, p <
0.001); no. of oocytes (r = 0.576, p < 0.001); no. of ma-
ture oocytes (r = 0.554, p < 0.001). As the estradiol level
increased, all the other said variables significantly in-
creased, indicating the prognostic predictive value of es-
tradiol (Figs. 1, 2, 3).
E2/follicle ratio and E2/oocyte ratios were analyzed in

relation to NRO and NMO (Table 14). E2/follicle ratio
had a negative correlation with NRO and NMO, but was
not statistically significant (Figs. 4, 5).
On the other hand, E2/oocyte had a very significant

negative correlation with the number of mature oocytes
(p < 0.001) (Fig. 6) (Table 15).

Discussion
The number and quality of oocytes and embryos are im-
portant determinants of success of any ART cycle.
Serum estradiol as a factor affecting these parameters

Table 9 Mean and SD of estradiol levels according to AMH
levels

AMH
(pmol/L)

N Estradiol (pg/ml) p

Mean SD

Very low 41 2790.7 2386.3 0.002

Low 137 4356.5 2738.9

Satisfactory 25 4916.4 4021.0

Optimal 17 3957.2 3537.7

Very high 12 6421.6 4831.3

Total 232 4217.7 3121.5

Table 10 Summary measures of follicles, oocytes retrieved, and
mature oocytes according to the AFC levels of the study group

AFC N Follicles Oocytes retrieved Mature oocytes

Mean SD Mean SD Mean SD

< 5 9 3.56 2.01 3.67 1.94 2.89 1.17

5-14 121 7.77 4.66 9.05 5.30 6.82 4.59

15-24 73 12.49 5.28 13.92 5.81 11.08 5.19

≥ 25 29 13.83 6.81 14.83 7.51 12.62 6.80

P value < 0.001 < 0.001 < 0.001

Table 11 Mean and SD of estradiol levels according to AFC
levels

AFC N Estradiol (pg/ml) p

Mean SD

< 5 9 1804.6 1094.5 < 0.001

5-14 121 3402.7 2319.2

15-24 73 5181.8 3482.4

> 25 29 5940.0 3946.0

Total 232 4217.7 3121.5

Table 12 Mean and SD of follicles, oocytes retrieved, and
mature oocytes according to estradiol levels

Estradiol
(pg/ml)

N Follicles Oocytes retrieved Mature oocytes

Mean SD Mean SD Mean SD

< 1000 21 3.43 3.04 4.52 4.49 3.38 3.51

1000-2000 36 6.61 3.47 7.31 3.61 5.47 3.43

2000-4000 78 8.92 4.40 10.23 5.03 8.10 4.58

> 4000 97 13.19 5.87 14.62 6.38 11.61 5.84

p value < 0.001 < 0.001 < 0.001
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has been studied and published in few instances, with
conflicting results. In this study, we tried to find a cor-
relation between the serum estradiol levels on day of
trigger with mature follicles, oocytes, and mature folli-
cles, with the aim of finding out whether estradiol levels
can be a clinical tool is assessing oocyte and mature oo-
cyte yield.
Age had a negative relation with the number of fol-

licles (p = 0.015) and number of oocytes retrieved (p
= 0.041) (Table 5). Similarly, age had a significant
negative correlation with estradiol values (p = 0.021)
(Table 6), both indicating diminished ovarian reserves
with aging. Similar finding was seen in the study by
Vaughan et al. [9], where E2 levels on day of HCG
was found to be inversely proportional to patient’s
age and the quantity of oocytes retrieved also de-
clined. As maternal age increased, a linear increase in
E/O ratio was observed since the number of oocytes
retrieved declined. A simple estradiol level measured
on day of HCG would not have brought out this find-
ing. Study by Kara et al. [10] also showed NRO
higher in age group < 36 years, so as also pregnancy.
Mitwally et al. [7] commented in their study that
women above 35 years are more vulnerable to high
E2 levels; and also had significantly lower pregnancy
rates. The negative correlation started at lower E2
levels in women above 35 years.

Obesity was associated with decreased number of ma-
ture oocytes in the present study, though not statistically
significant (Table 7). This was similar to the observation
in the study by Siddhartha et al. [11], where overweight
women with BMI > 26 kg/m2 had significantly decreased
E2 values on day of HCG. AMH had a very significant
positive relation with the number of follicles, number of
oocytes, and the number of mature follicles (p < 0.001).
It also has a strong positive relation with the estradiol
values on day of HCG (p =0.002). AFC, the other param-
eter analyzed had a very strong positive relation with all
the three parameters—number of follicles, oocytes, and
mature oocytes (p < 0.001), also, with the estradiol
values (p < 0.001).

Estradiol vs NF, NRO, NMO
As estradiol increased, estradiol per follicle, oocyte, and
mature oocyte increased. As estradiol increased, there
was a significant increase in the number of follicles—NF
(p < 0.001), number of oocytes retrieved—NRO (p <
0.001), and the number of mature oocytes—NMO (p <
0.001). Similar findings were noted in the study by Xin
Li et al. [12], where NRO, NMO, and CPR increased as
E2 level increased. But beyond a level of 5000 pg/ml, all
these decreased. Their study revealed that E2 levels <
1000 pg/ml and > 5000 pg/ml had a negative impact on
IVF outcome.

Table 13 Correlation of estradiol with follicles, oocytes, and mature oocytes

Correlation of estradiol with Spearman correlation coefficient p

No of follicles .592 < 0.001

Number of oocytes retrieved .576 < 0.001

Number of mature oocytes .554 < 0.001

Fig. 1 Scatter plot showing correlation between estradiol and number of follicles
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Erzincan et al. [13] also made similar observations in
their study, where the NRO increased parallel to E2
levels, with no significant differences in clinical preg-
nancy rates (CPR) between various E2 levels. In the study
by Siddharth et al. [11], the NRO and NMO were high-
est when estradiol was > 4000 pg/ml, as in the present
study. CPR was highest in the group with estradiol be-
tween 3000 and 4000 pg/ml, suggesting that very high
levels of estradiol may be detrimental for implantation.
Reduced implantation and pregnancy rates when E2 >
90th centile was shown in the study by Arslan et al. [4],

even when the NRO, NMO, and embryo scores were
similar in various E2 groups. Similar positive correlation
of E2 levels with NRO, NMO was noted in the study by
Mittal et al. [14] also. The study by Kara et al. [10] also
mirrored similar results with NRO parallel to E2 levels,
maximum at > 4000 pg/ml. The findings of Anifandis
et al. [6] observed that very low and very high E2 levels
on day of HCG yielded very low and very high number
of oocytes respectively, again suggesting a linear correl-
ation. The study by Yu Ng EH et al. [3] concluded that
high E2 levels in IVF cycles adversely affected

Fig. 2 Scatter plot showing correlation between estradiol and number of oocytes retrieved

Fig. 3 Scatter plot showing correlation between estradiol and number of mature oocytes
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implantation and pregnancy rates. They observed that
embryo quality was unaffected by E2 levels and it was
the adverse endometrial milieu associated with very high
E2 levels that affected implantation. Frozen thawed em-
bryos from same cycle implanted well. Almost similar
observation was made by Kolibianakis et al. [2] who ob-
served that high E2 adversely affects endometrium and
therefore implantation, but had little impact on M2 oo-
cytes and embryo quality.
However, a systematic review by Kosmas et al. [15] did

not find any high-quality evidence to support or deny
the value of E2 on day of HCG administration for IVF
outcome. They found no positive correlation on retro-
spective evaluation of studies.
The finding by Kyrou et al. [5] was similar to that by

Yu Ng et al. [3], the NRO, NMO, and good quality em-
bryos increased with E2, but not pregnancy, probably
due to the deleterious effect on endometrial receptivity.
The results of the study by Mitwally et al. [7] mirrored
that by Anifandis [6]. They found that cycles with low
and high AUC-E2 values had significantly lower preg-
nancy rates particularly if the patient was > 35years. The
study inferred that women above 35 years of age are
more vulnerable to high E2 levels. Present study did not

include the reproductive outcome. NRO and NMO in-
creased parallel to estradiol levels as was found in the
many of the mentioned studies.
The ESHRE guidelines for ovarian stimulation state

that the addition of estradiol measurements to ultra-
sound monitoring was neither found superior to ultra-
sound monitoring alone nor does it recommend the
timing of final oocyte maturation trigger based on estra-
diol or estradiol/follicle ratio as it was not found super-
ior in terms of efficacy and safety than ultrasound
monitoring alone [16].The present study found that as
estradiol values increased, you could expect more oo-
cytes and mature oocytes, in turn leading to a probably
better ART outcome. So also as estradiol/oocyte in-
creased, the outcome in terms of mature oocytes was
poor. The present study aimed at predicting ART out-
comes in term of oocyte and mature oocyte yield rather
than using estradiol values as means of follicular moni-
toring during ART stimulation.

E2/follicle vs NRO and NMO
E2/follicle was not found to have a significant correlation
with the NRO and NMO in the present study. In the
study by Mittal et al. [14], however, a positive correlation

Table 14 Correlation of estradiol follicle ratio with number of oocytes retrieved, estradiol follicle ratio with number of mature
oocytes, and estradiol oocyte ratio with number of mature oocytes

Correlation Spearman correlation coefficient p

Estradiol follicle ratio with number of oocytes retrieved −0.030 0.659

Estradiol follicle ratio with number of mature oocytes −0.074 0.259

Estradiol oocyte ratio with number of mature oocytes −0.280 < 0.001

Fig. 4 Scatter plot showing the correlation between estradiol follicle ratio and number of oocytes retrieved
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was seen between E2/fol and NRO NMO, fertilized oo-
cytes, and embryo quality. Study by Ozdegirmenci et al.
[17] also showed that E2/follicle correlated positively
with NRO, NMO.

E/O vs NMO
Study showed E2/O had a strong negative correlation
with the NMO (p value < 0.001). This was observed in
many other studies as well, suggesting that raised E2 per
oocyte is probably linked with maturation of oocytes. In
the study by Vaughan et al. [9], NMO was found to be
lowest with E2/O < 250 and was highest when the E/O
was > 2000. CPR was highest when E2/O ratio was in

the range 250-750 but declined as the ratio increased.
Lowest fertilization rates were measured at extremes of
ratio (< 250 and > 2000) reflecting negative impact of in-
creasing E/O on reproductive outcome. A negative cor-
relation between E2/O and NMO and number of
fertilized oocytes was also found in the study by Ozde-
girmenci et al. [17]. They concluded that while E2/follicle
had a positive correlation with NRO, NMO, and fertil-
ized oocytes, but E2/O adversely affects these parame-
ters. Mittal et al. [16] showed a similar negative
correlation of E2/O and NRO, NMO commenting on
the probable negative effect of high E2 levels on matur-
ation of oocytes.

Fig. 5 Scatter plot showing the correlation between estradiol follicle ratio and number of mature oocytes

Fig. 6 Scatter plot showing the correlation between estradiol oocyte ratio and number of mature oocytes

Malathi et al. Middle East Fertility Society Journal           (2021) 26:34 Page 8 of 10



Limitations
It was a retrospective study. The effect of different pro-
tocols of IVF on estradiol was not separately considered.
The study also did not include the effect of estradiol on
quality of embryos and IVF outcome.

Conclusions
Present study showed a positive correlation between es-
tradiol levels and the number of mature follicles, re-
trieved oocytes, and number of mature oocytes. E/
follicle ratio was not found to have a significant correl-
ation with NRO and NMO, but E/O ratio had a strong
negative correlation with NMO. These results demon-
strate the fact that estradiol levels can be an important
clinical tool to reckon with, in the prediction of oocyte
and mature oocyte yield in ART cycles. Both being sig-
nificant landmarks in the path to the final ART out-
come, namely, CPR and LBR, estradiol on the day of
trigger appears to strongly correlate with the outcome of
ART cycles.
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