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ABSTRACT

CONTEXT: Various components of follicular fluid are suggested as biochemical predictors
of oocyte quality. Previous studies of follicular steroid hormone levels have shown disparate
results when related with fertilization outcomes. AIM: The objective of the study was to relate
the levels of steroid hormones of each individual follicle with oocyte maturation, fertilization
results, embryo quality, and pregnancy rates. SETTINGS AND DESIGN: Prospective
cohort study in a university hospital. METHODS: In 31 patients, who underwent
intracytoplasmic sperm injection, it was performed an ultrasound guided aspiration
of follicular fluid of the first two mature follicles from each ovary. Follicular levels of
estradiol, progesterone, testosterone, and dehydroepiandrosterone sulfate were measured
by chemiluminescent immunoassay. STATISTICAL ANALYSIS: Generalized estimating
equation model. RESULTS: In follicular fluids with mature oocyte presence, in normal as
well as in failed fertilization, there was a positive correlation between follicular testosterone
and progesterone (r = 0.794, P = 0.0001 and r = 0.829, P = 0.0001). Progesterone levels
were higher in cases of normal fertilization compared to failed fertilization (P = 0.003).
B quality embryos came from oocytes immersed in follicular fluids with higher estradiol
values and higher estradiol/progesterone and estradiol/testosterone ratios than those
of C quality (P = 0.01; P = 0.0009; P = 0.001). Estradiol levels were higher in patients
who achieved pregnancy (P = 0.02). CONCLUSION: The analysis of follicular hormone
composition could be considered as an additional tool in oocyte selection.
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INTRODUCTION and finally, not all embryos will result in a
pregnancy.

Currently, assisted reproductive techniques
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seek to achieve a cohort of oocytes of good
quality, relegating to a secondary position
the objective of achieving the largest possible
number of oocytes.!"

The levels of serum estradiol and follicle
size are routine parameters used to
monitor follicular development and oocyte
maturation.?! However, each cycle of
ovarian stimulation becomes a sequence of
obstacles that must be overcome to achieve
the ultimate goal, gestation. Not all oocytes
from follicles considered optimal based on
the indirect parameters mentioned will be
mature; of oocytes with nuclear maturation
only some experience normal fertilization
and of these, not all will generate embryos
able to evolve; moreover, embryos from the
same patient may be of different quality

In this situation, it is a priority to find new
factors that help optimize the entire process.
Various components of follicular fluid,
medium in which the oocyte isimmersed, are
suggested as biochemical predictors of oocyte
quality, with subsequent potential for proper
fertilization and embryo development.F!
Among these components, steroid hormones
have emerged as important elements in
reproductive outcomes.

To track each oocyte, it is essential to use
intracytoplasmic sperm injection (ICSI) that
allows, starting immediately after collection,
assessment of nuclear maturation, and the
specific results of fertilization and embryo
development. Most studies relating steroid
hormones with reproductive outcomes use
in vitro fertilization as a laboratory technique
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and thus are limited in their results.*” Furthermore, in case
of sperm injection, fertilization results do not clearly depend
on seminal parameters, probably due to the strict selection
of a reduced number of sperms, oocyte quality being the
critical factor.[®?

Higher levels of estradiol and progesterone were found
in follicles from which oocytes with higher fertilization
rates were obtained.!'>?l These observations, however,
have not been confirmed by other studies.!>¥ The embryo
quality was not related to levels of follicular estradiol and
progesterone.!® Regarding pregnancy rates, both elevated
estradiol and progesterone levels in follicular fluid were
associated with an increased chance of pregnancy.?*>*!

Regarding follicular androgens, some authors find no
association between testosterone levels and cases of
normal fertilization."¥ However, lower testosterone levels
have been found in follicles which produce an oocyte that
degenerates as opposed to cases in which the oocyte is
fertilized.""

The objective of the study is to relate the steroid
hormone levels (estradiol, progesterone, testosterone,
dehydroepiandrosterone sulfate (DHEAS) and estradiol/
progesterone and estradiol/testosterone ratios) of each
individual follicle with oocyte maturation, fertilization
result, embryo quality, and pregnancy rates.

METHODS

Patient selection, ovarian stimulation cycle, and analysis
of hormones in follicular fluid

Included in the study were 34 patients aged <38, with a
body mass index <30, and tubal infertility, unknown origin
infertility or male infertility.

Causes of infertility with ovarian component of any
kind (polycystic ovarian syndrome, endometriosis or
diminished ovarian reserve) were excluded.

Eligible subjects, following prior informed consent and
Ethics Committee approval, were recruited consecutively
from February 2011 to February 2013. All procedures were
conducted under the ethical standards of the Helsinki
Declaration of 1975 as revised in 2000.

The stimulation protocol used was a long protocol with
hypothalamic gonadotropin-releasing hormone agonists
and recombinant follicle stimulating hormone (rFSH)
exclusively.

Three patients were excluded due to the need to add human
menopausal gonadotropin (HMG). The criterion for human

chorionic gonadotropin (HCG) administration (250 mcg,
subcutaneous) was the presence of two or more
follicles >18 mm in diameter associated with consistent
serum estradiol levels. The luteal phase was supported with
micronized vaginal progesterone (200 mg/12 h).

Follicular growth was monitored by transvaginal
ultrasound (HD3 Philips, Eindhoven, Holland). At 36 h after
administration of HCG, we performed US-guided follicular
aspiration of the oocyte-corona-cumulus complexes and
follicular fluid.

Follicular puncture required a puncture needle attached
to the ultrasound transducer by a guide, a continuously
adjustable vacuum pump (Aspirator Labotect 4014,
Gottingen, Germany) and a heat block set at 37°C. The first
and second follicle of each ovary, selected by size (18-21 mm)
and regular ultrasound contour, was individually aspirated
slowly until completely collapsing. Intensely hematic
follicular fluids were excluded. Finally, we had a total of
73 follicular fluid samples from 31 patients; one to four
follicles per patient.

The follicular fluid sample was cleared by centrifugation
and stored at —70°C for later analysis.

The volume of fluid aspirated per individual follicle was
correlated with follicular size as described by Wittmaack
et al.0®

Chemiluminescent microparticle immunoassay
was used as a method for measuring and hormone
quantification of estradiol (ng/mL), progesterone (ug/mL),
testosterone (ng/dL), and DHEA-S (ug/dL). Estradiol/
progesterone and estradiol/testosterone ratios were also
measured.

Estradiol, testosterone, and progesterone were measured on
an Architect 2000 (Abbott Diagnostics, Mandaluyong City,
Philippines). DHEA-S was measured on an IMMULITE®
2000 immunoassay system (Siemens Healthcare, Erlangen,
Germany). The intra-assay variation coefficient was <15%.

The samples were diluted for determination
of estradiol (1:1000) and progesterone (1:1000). The
measurement of testosterone and DHEAS did not require
dilution due to its similarity to serum levels.

Fertilization assessment and embryo selection

The preestablished fertilization method was ICSI. The
oocytes were separated from cumulus cells that surround
them, and meiotic maturation was assessed by the same
biologist. Mature oocytes (metaphase II) were selected by the
presence of the first polar body. The immature (metaphase I
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or those in germinal vesicle stage and degenerates were
rejected for ICSI.

Fertilization results were assessed at 19-21 h after ICSL
Fertilization was considered normal by the presence of two
pronuclei and two polar bodies. Fertilization failure (no
pronuclei) and abnormal fertilization (one or three
pronuclei) were grouped as fertilization failure.

The quality of the embryos coming from oocytes that
had been immersed in the studied follicular fluids was
established as rated by Association for Studying the
Biology of Reproduction.’” Embryos were divided into
four decreasing grades: A, B, C, D, which were assigned
at day 3 based on the number of cells. We also evaluated
the percentage of fragmentation, the presence of vacuoles,
multi-nucleation, and similarity between the cells, the
pronuclei, and the presence of acytoplasmic ring at day 3.
According to these characteristics, allocation was modified
downward.

One to two embryos with the highest number of blastomeres
and the best morphological grade were selected for fresh
embryo transfer per patient. Remaining embryos were
cryopreservated for future transfers. In each patient, at least
one embryo proceeding from an oocyte whose follicular
liquid had been analyzed was transferred either fresh or
frozen.

We analyzed the level of serum beta-HCG after 14 days of
embryo transfer, making the diagnosis of pregnancy after
transvaginal ultrasound and following its evolution by
reviewing medical records and subsequent telephone calls
to the patients at the end of the cycle.

Statistical analysis
The correlation between continuous quantitative variables
was studied by the Pearson correlation coefficient.

Performing more than one follicular puncture per patient
required that a statistical analysis of repeated measures
be carried out. Repeated measures were adjusted with
a generalized estimating equation model with normal
marginal distribution, with identity link and interchangeable
correlation structure.

Statistical significance was established for values of P <0.05,
considering all bilateral statistical tests. Data were analyzed

using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS

The mean volume aspirated was 5.02 + 1.03 cc with an
average follicle size of 19.05 + 1.03 mm. Regarding the
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final result of the cycle in each patient, the mean number
of punctured complexes was 9.03 + 4.10, with a total of
8.90 + 4.18 oocytes. 7.81 + 3.66 of these were mature ones
and 5.29 + 3.43 fertilized normally, being obtained a total
average of 4.39 + 2.90 embryos per patient.

In the samples analyzed of follicular fluid, 59 (81%: 59/73)
contained an oocyte in metaphase II while the remaining
19% (14/73) did not. No oocytes were obtained in metaphase L.

Thirty-eight of 59 oocytes underwent normal fertilization
while the remaining 21 suffered fertilization failure. Of
the embryos obtained, 21 were transferred, and 10 were
cryopreserved.

Eleven of 31 (35.5%) patients achieved a pregnancy. Four
of the 11 (36.4%) ended with abortion in the first trimester
and the remaining 7 (63.6%) achieved a pregnancy whose
outcome was a healthy live birth. The rate of live newborns
at home was 22.5% (7/31).

In case of follicular fluid without oocyte, there was a positive
correlation between testosterone and estradiol (r = 0.552,
P =0.041) and between testosterone and DHEAS (r = 0.644,
P =0.013) [Table 1].

In the follicular fluid with mature oocyte presence, in normal
as well as failed fertilization, there was a positive correlation
between follicular testosterone and progesterone (r=0.794,
P =0.0001 and r =0.829, P =0.0001) [Table 1].

The levels of estradiol, progesterone, testosterone, and
DHEAS were higher in cases of normal fertilization than in
cases of failed fertilization. The association reached statistical
significance in the case of progesterone (P =0.003) [Table 2].

The relationship between hormone levels in follicular fluid
and embryo quality is described in Table 3. In estradiol
figures, there were statistically significant differences
between embryo grades B and C and between grades C
and D (P = 0.01; P = 0.03). In the case of the ratios, there
were statistically significant differences between embryo
qualities A and C, and B and C, in the estradiol/progesterone
ratio (P =0.003; P = 0.0009) and between qualities B and C
in the case of estradiol/testosterone ratio (P = 0.001).

Estradiol levels were higher in patients who achieved a
pregnancy (P =0.02) [Table 4].

DISCUSSION
The purpose of the study is to assess the relationship of

hormone levels in follicular fluid with different reproductive
outcomes. That is why it has been necessary to conduct it
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Table 1: Correlation among follicular fluid hormone levels according to the presence of oocyte and type of fertilization

Parameter Estradiol Progesterone Testosterone DHEAS
No oocyte (n=14)
Estradiol (ng/ml)
r 1 —0.394 0.552 0.348
P 0.164 0.041 0.223
Progesterone (pg/ml)
r —0.394 1 —-0.038 0.215
P 0.164 0.897 0.460
Testosterone (ng/ml)
r 0.552 —0.038 1 0.644
P 0.041 0.897 0.013
DHEAS (pg/dl)
r 10.348 0.215 0.644 1
P 0.223 0.460 0.013
Oocyte fertilized (n=38)
Estradiol (ng/ml)
r 1 0.000 0.094 —-0.170
P 0.998 0.573 0.308
Progesterone (pg/ml)
r 0.000 1 0.794 —-0.039
P 0.998 0.0001 0.814
Testosterone (ng/ml)
r 0.094 0.794 1 0.209
P 0.573 0.0001 0.207
DHEAS (png/dl)
r —-0.170 —-0.039 0.209 1
P 0.308 0.814 0.207
Oocyte nonfertilized (n=21)
Estradiol (ng/ml)
r 1 0.224 0.065 0.247
P 0.330 0.781 0.280
Progesterone (pg/ml)
r 0.224 1 0.829 0.326
P 0.330 0.0001 0.150
Testosterone (ng/ml)
r 0.065 0.829 1 0.364
P 0.781 0.0001 0.105
DHEAS (pg/dl)
r 0.247 0.326 0.354 1
P 0.280 0.150 0.105

r=Pearson correlation coefficient, DHEAS=Dehydroepiandrosterone sulfate

under the most basal conditions possible, trying to avoid
possible interferences in hormone levels. We included
patients with good quantitative ovarian reserve, conducted
ovarian stimulation with only rFSH and causes of infertility
with ovarian component of any kind were excluded. Several
authors employ stimulation protocols with HMG, thus
shifting away from the ideal baseline.*”!

The first and second follicles of each ovary were included
as samples. This was intended to avoid loss of a potential
oocyte that could have remained in the system with
recovery of liquid from the first punctured follicle,
assuming the possibility of an oocyte corresponding to the

first follicle being classified as the second. An ideal study
would aspirate each follicle individually with multiple
vaginal punctures, thus being limited in clinical practice.
Individual puncture of every patient follicle is limited in
clinical practice by the need of multiple punctures to assure
an oocyte and follicular content correct and complete from
each individual follicle. Follicular selection was carried out
using follicular size, assuming that the optimum size for
oocyte maturation is between 14 and 21 mm, being those
with > 18 mm the ones with better oocyte maturation rates
and fecundation capacity.[*'® Thus, these 2 follicles of each
ovary considered optimums were the ones included as
patient’s samples.
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The potential increase in the variability of the variation
coefficients of the hormones measured could pose a
limitation. The need for serial dilutions in the case of
follicular estradiol and progesterone could help elevate
these coefficients, which could attenuate the results.'”! A
linearity survey was conducted to verify the necessary
dilution and a repeatability study was performed to validate
tests used in follicular fluid use.

There are multiple studies that address the hormone issue
and its relationship with the various outcomes of assisted
reproduction, but none covers the various stages of the
response to the stimulation cycle, from its normal or failed
fertilization until pregnancy through oocyte and embryo
quality.

By limiting the study to ICSI, the evaluation of nuclear
maturation in a short period of time from its recovery is
allowed. This usually can only be made in ICSI cases because
in conventional IVF meiotic evaluation is usually carried
out in the following day and oocytes may have completed
its maturation when cultivated.”

The nuclear component of oocyte maturation is easily
identifiable; however, the cytoplasmic component is difficult
to assess. Failures in fertilization and subsequent embryo
development have arisen as a result of defects related
to cytoplasmic maturation."” In cases with the presence

Table 2: Relationship between follicular fluid hormone
levels and type of fertilization

Follicular fluid Mean (95% CI) P*

steroid hormone Normal Failed
fertilization fertilization

Estradiol (ng/ml) 764.7 (680.9-848.5) 693.3 (625.1-761.5) 0.15

Progesterone 22.5(19.8-25.3) 17.4 (14.7-20.2)  0.003

(ng/ml)

Testosterone 5.3(4.7-5.9) 4.5(3.7-5.3) 0.07

(ng/ml)

DHEA-S (ug/dl)  136.9 (117.0-156.8) 120.5 (100.4-140.7) 0.10

Estradiol/ 40.7 (30.9-50.5) 45.4(37.1-53.7) 035

progesterone ratio

Estradiol/ 157.8 (130.3-185.3) 179.8 (146.2-213.4) 0.24

testosterone ratio
*GEE model. CI=Confidence interval, DHEA-S=Dehydroepiandrosterone sulfate,
GEE=Generalized estimating equation

of metaphase-II oocytes, a positive correlation between
follicular testosterone and progesterone was found.

In the study, fertilization was classified as normal and
failed fertilization, as the two valid options from a practical
standpoint. The cases of normal fertilization came from
oocytes immersed in follicular fluid with higher levels of
progesterone than the cases of failed fertilization. These
results agree with those obtained by some authors.['o!!]
However, other authors found no difference in follicular
levels of estradiol, progesterone, and testosterone between
fertilized or unfertilized oocytes, but described a tendency
toward lower levels of these hormones in fertilized
oocytes, data completely opposite from ours. In our
results, there was a trend to higher testosterone levels in
favor of normal fertilization, without reaching statistical
significance (P = 0.07), but in line with the positive
correlation obtained between follicular progesterone and
testosterone in cases of oocytes with normal fertilization.
Lamb et al. did not report differences in testosterone levels
among their cases with normal fertilization compared with
cases of unsuccessful fertilization.”? Wen ef al. describe a
positive correlation between progesterone and testosterone
only in cases of failed fertilization.!"!

Serving as a basis for steroidogenesis, progesterone is
the precursor of androgens, and these are an essential
substrate for the production of estrogen. Androgens could
be introduced as an additional element in the theory of two
cells-two gonadotropins in follicular estradiol synthesis.™*!
The conversion of androgens to estrogens is favored by
FSH, so one would think that follicular fluid with higher
androgen levels would also have increased levels of
estrogen, having more substrate from which to obtain it. The
predominant follicular androgenic environment can lead
to follicular atresia although a certain amount of follicular
androgens are necessary for optimal follicle growth.?!

Few studies assess variables related to embryos correlated
with follicular steroid hormones. Assuming that other
factors may influence the embryo quality, it has been tried
to evaluate the implication that steroid follicular hormones
could have in this quality, insofar these hormones may
determine oocyte quality. Asimakopoulos ef al. did not find

Table 3: Relationship between follicular fluid hormone levels and embryo quality

Follicular fluid steroid hormone*

Embryo

Type A

Type B Type C Type D

Estradiol (ng/ml)
Progesterone (pg/ml)
Testosterone (ng/ml)
DHEAS (pg/dl)
Estradiol/progesterone ratio
Estradiol/testosterone ratio

762.1 (642.7-881.5)
20.7 (16.2-25.2)
5.1 (4.1-6.1)
137.9 (111.5-164.2)
45.4 (31.9-58.8)
162.4 (132.4-192.5)

792.8 (608.4-977.2)
22.7(19.2-26.2)
5.1 (4.2-6.0)
146.6 (124.5-168.8)
35.9 (28.6-43.3)
166.3 (134.8-197.8)

606.7 (496.4-717.0)
23.9 (21.0-26.8)
4.7 (3.9-5.5)
145.7 (114.9-176.5)
27.2(23.1-31.2)
141.0 (118.5-163.5)

747.9 (647.6-848.2)
21.4 (15.6-27.2)
5.0 (4.1-5.9)
136.8 (114.5-159.1)
46.5 (23.6-69.5)
170.6 (121.3-220.0)

*The values are given as mean and 95% Cl. GEE model. DHEAS=Dehydroepiandrosterone sulfate, CI=Confidence interval, GEE=Generalized estimating equation
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Table 4: Relationship between follicular fluid hormone
levels and pregnancy

Follicular hormone Pregnancy* Pt
Yes No

Estradiol (ng/ml) 824.7 (719.4-930.0) 688.3 (625.1-751.4) 0.02

Progesterone (pg/ml) 22.7 (18.3-27.0) 23.4 (18.4-28.4) 0.82

Testosterone (ng/ml) 5.1 (4.1-6.1) 4.9 (4.2-5.5) 0.72

DHEAS (pg/ml) 1455 (120.1-170.9) 119.4 (95.5-143.3) 0.14
Estradiol/ 49.6 (33.1-66.1) 36.7 (30.9-42.5) 0.14
progesterone ratio

Estradiol/ 18.5(139.8-223.2) 157.6 (130.9-184.2) 0.34

testosterone ratio
*The values are given as mean and 95% Cl. ‘GEE model. DHEAS=Dehydroepiandrosterone
sulfate, Cl=Confidence interval, GEE=Generalized estimating equation

an association between hormone levels of follicular estradiol
or progesterone and embryo quality.™!

Very possibly determined by the highest levels of estradiol
in both cases, the estradiol/progesterone ratio was higher in
A and B quality than in C quality embryos, and estradiol/
testosterone ratio was higher in B quality embryos than
in those of C quality. Considering our results, it is not
possible to establish a gradual relation between follicular
steroid hormones and morphological grades of embryo
quality. Estradiol figures did not decrease linearly with the
embryo grades. Our results showed that follicular estradiol
figures would be discriminatory mainly in intermediate
embryo qualities (B and C) but considering gestation as the
ultimate goal, in examining overall pregnancy rates, there
were higher estradiol levels in follicular fluid in cases of
pregnancy, as reported by Mendoza et al.F!

Although little is known about DHEA and DHEAS levels
in follicular fluid and how they relate to the results of
fertilization and pregnancy, only a few studies address
the issue. DHEA is a precursor used by the granulosa cells
in the production of estrogens and androgens.*! A recent
meta-analysis has related androgen adjuvants (testosterone,
DHEA) with higher pregnancy rates.” The determination
of DHEAS could be seen as an indirect measurement
of follicular DHEA considering the possibility of cross
detection of DHEA and DHEAS in the results presented.
DHEAS levels have not appeared to be relevant in various
reproductive outcomes assessed.

It could be concluded that a follicular environment rich
in estradiol, progesterone, and testosterone is key to good
oocyte development. High rates of progesterone and to a
lesser extent, testosterone would be crucial for determining
good oocyte quality and key for normal fertilization, as well
as an essential step for success in assisted reproduction.
Among the oocytes immersed in a follicular environment
rich in progesterone and testosterone, those with higher
levels of estradiol obtained higher pregnancy rates. In the

future, analysis of follicular hormone composition could be
considered as an additional tool in oocyte selection.
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