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Summary

Purpose: To evaluate the effect of the premedication with dehydroepiandrosterone (DHEA) on the results of the in vitro fertilization
(IVF) treatments in a group of women with evidence of diminished ovarian reserve. Materials and Methods: This experimental, prospec-
tive, pre-post study enrolled 29 patients with evidence of diminished ovarian reserve and poor-responders to a previous treatment. They
received 75 mg/die of DHEA for a minimum of eight weeks; from the 18" day of the cycle before the stimulation with follicle stimu-
lating hormone (FSH), they took trans-dermal estradiol (E2) (50 mcg every other day). The protocol of the stimulation consisted of a
short cycle with follicle stimulating hormone receptor-human menopausal gonadrotropin (FSHr-HMG) and low doses of gonadotropin
releasing hormone agonist (GnRH-a) (0.05 mg/die). The study was carried out comparing the results obtained respectively with the pre-
DHEA and the post-DHEA treatments. Results: The comparative analysis of the results showed a significant increase in the number of
the retrieved oocytes (p < 0.01), of the oocyte quality (p = 0.02) and a reduction of cancelled cycles (p = 0.03). Moreover, after the treat-
ment with DHEA, there was an increase, though non-significant, in the number of embryos, in the fertilization rate, and in the number
of pregnancies. Conclusions: This study confirms the beneficial effects of DHEA in patients who resulted poor responders to IVF treat-
ments. Therefore, DHEA appears to be an effective treatment for age related sub-fertility.

Key words: Dehydroepiandrosterone (DHEA); Diminished ovarian reserve (DOR); FIVET/ICSI cycle; Non responders (OFF)<; Poor
ovarian response (POR).

Introduction tionally standardized by European Society of Human Re-
production and Embryology (ESHRE) in 2011, accord-
ing to the Bologna criteria [4]. As a result of this
consensus conference, the definition of low ovarian re-
sponse to treatments of IVF requires the presence of at
least two of the following characteristics: 1) advanced
maternal age (> 40 years) or the presence of other risk
factors for low ovarian response; 2) a previous finding of
poor-response (< three oocytes following a conventional

In general, the majority of women reach menopause stimulation protocol); 3) a test of the abnormal ovarian

around 50 years. In the Venetian region, after the Resolu- reserye (antral folli.cle count. [AFC] < five to seven folli-
tion n. 822, 06/14/2011, the access to treatment (127 cles in the two ovaries or anti-Miillerian hormone [AMH]

<0.5to 1.1 ng /ml).

Various stimulation protocols were proposed, in the liter-
ature, for the treatment of poor-responders patients [5-8].

Casson et al. [9] were the first to highlight the beneficial
effects of DHEA on the ovarian function. Barad and Gle-
icher in 2005 [10], demonstrated an increased production of
follicles after a treatment with DHEA, and in the following
year the same group underlined the beneficial effect of the
hormone on various parameters of IVF (the peak of estradiol
[E2], the number and quality of oocytes and embryos) in
women with evidence of diminished ovarian reserve [11].
In 2007 [12], the same authors reported other positive ef-
fects such as increased pregnancy rate and a reduction in its
“waiting time”, related to DHEA intaking for at least six
Revised manuscript accepted for publication January 10, 2013 weeks before the ovarian stimulation. Wiser et al. in 2010

With the trend in increased rates of infertility, connected
to the aging of the Western population, the problem of low
response to infertility treatment is becoming more and more
frequent. With the advancing of the women’s age, in fact,
there is a reduction in the quantity and quality of the
oocytes with increased rates of embryo aneuploidy and,
consequently, reduced pregnancy rate and increased mis-
carriage rate [1].

level) for infertility in women it was extended up to the age
of 50 years at the expense of the NIH. The biological in-
fertility, however, dramatically increases already 10-15
years before menopause [2].

The majority of these patients, in fact, due to the
scarcity of the ovarian level of residual follicular pool,
tend to be poor-responders to fertility treatment. It is es-
timated that the 5% - 18% of the treatments with in vitro
fertilization (IVF) fail because of a low ovarian response
to pharmacological stimulation [3]. The definition of
poor ovarian response (POR), which was subjective and
variable according to different researchers, was interna-
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[3], in the only prospective randomized study on this sub-
ject, affirmed that there is a direct proportional relationship
between embryo’s quality and the duration of treatment,
showing also an increasing rate of live births as a result of
a pre-treatment with DHEA. Gleicher, in 2010 [13], noted,
finally, that the supplementation with DHEA induces a re-
duction in the number and percentage of aneuploid embryos.
The studies in literature, therefore, seem to consider DHEA
as a good candidate in the treatment of poor-responder pa-
tients with a low age-related ovarian reserve.

The purpose of this study was to evaluate prospectively
the effects of supplementation with DHEA in the same pa-
tients, who were poor responders to a first conventional
treatment of ovarian stimulation.

Materials and Methods

Selected patients

The study enrolled 29 patients with clinical evidence of dimin-
ished ovarian reserve, which were poor responders, according to
the Bologna criteria, to the previous treatment with IVF.

The criteria for the exclusion from the study were: older than 45
years, FSH> 30 mIU/ml, AMH < 0.5 ng/ml, body mass index
(BMI) > 30.

After an adeguate explanation and the signing of the informed
consent, the recruited patients were subjected to the following ther-
apeutic treatment:

a) Pre-treatment, of at least eight weeks, with DHEA with a

dosage of 25 mg x3/die per os.

b) Application of E2, using 50 mcg trans-dermal patches every
other day, from the 18" day of the cycle before the menstru-
ation of the cycle of stimulation.

Both A and B were interrupted on the day of menstruation,
day 0.

¢) Short cycle of stimulation with low doses of gonadotropin re-
leasing hormone agonist (GnRH-a) (0.05 mg/die s. and folli-
cle stimulating hormone receptor (FSHr) gonadotropin (300
IU/ die s. ¢.) and human menopausal gonadrotropin (hMG)
(150 IU/ die s. ¢).

The criteria used for the definition of patients not responding to
stimulation (OFF) were: an ultrasound checked number of ovarian
growing follicles < two and/or E2 < 500 pg/ml.

Once obtained two or more follicles of dimensions ranging be-
tween 17 and 19 mm, ovulation was induced through the injection
of 250 mg of human chorionic gonadotropin receptor (HCGr) s. c.

Thirty-six hours after induction, an oocyte pick-up (OPU) was
carried out in sedation.

The oocytes collected were classified according to the degree of
maturity in: germinal vesicles, metaphase I, and metaphase II. From
the pool of the collected oocytes, those ones in metaphase II were
isolated and used for fertilization with fertilization with intracyto-
plasmic sperm injection (ICSI).

Forty-eight hours after OPU, the embryo-transfer (ET) was exe-
cuted.

The luteal support consisted in the use of micronized progesterone,
per os or vaginally, (200 mg twice/die) and progesterone i. m. (50
mg/die) until at least the 14" day from the ET (beta-HCG dosage).

Study plan and statistical analysis

The study plan was experimental pre-post, it was performed en-
rolling patients initially subjected to a conventional treatment, and
in succession to a short cycle with low doses of GnRH-a associ-

ated with pre-treatment with DHEA, lasting at least eight weeks.
The authors then proceeded to the comparison of the results ob-
tained with the two protocols, taking into account the following
variables: number of retrieved oocytes, number of oocytes placed
in fertilization (oocytes in metaphase II), number of fertilized
oocytes, fertilization rate, percentage of patients not responding to
treatment (OFF), beta-HCG positivity, and evolution of preg-
nancy.

The McNemar test was used for the statistical elaboration of
the qualitative dichotomous variables (OFF and positivity of the
beta-HCG). In case of qualitative multivaried variables and in the
evolution of pregnancy, the Bowker test of symmetry was applied.

Quantitative variables, such as the number of retrieved oocytes,
the number of oocytes placed in fertilization, the number of fer-
tilized oocytes, and fertilization rate were analysed with the
Wilcoxon signed ranks test, bringing the median (the
value/modality assumed by the combined statistics that are in the
middle of the distribution of a quantitative or qualitative sortable
character) and maximum and minimum extremes.

All the tests used were performed at two code, considering as
statistically significant a value of p < 0.05.

Results

The study was conducted from January 2011 to Septem-
ber 2012. In this period 29 patients were recruited. They
were poor-responders to previous conventional treatment
(called pre-DHEA) and then subjected to the protocol pro-
posed by us using pre-medication with DHEA (defined
post-DHEA).

The results, obtained using comparative analysis, are
summarized in Table 1.

The proportion of patients not responding to treatment,
defined as OFF, was found to be 9/29 (31%) in case of stim-
ulation with conventional protocols (pre-DHEA), while
only 2/29 (7%) with DHEA.

The differences proved to be statistically significant (p =
0.03), with evidence of increased response to hormonal
stimulation cycle thanks to the pre-treatment with DHEA.
During data processing it was showed that in a total of 27
women responding to the DHEA protocol, 19/27 completed
treatment with both regimens, while 8/27 were non-re-
sponders with the classic protocols. Finally, only an en-
rolled patient was unresponsive to the medication with
DHEA but responding to the previous cycle, and in one
case there was no response (Table 2).

In the total number of treated patients (29 = 100%), there-
fore, 65.5% resulted responding to both treatments, 3.5%
responded to conventional treatment but not to the DHEA
protocol. Another 3.5% resulted non-responder in both pro-
tocols, 27% responded to the DHEA protocol, while it was
cancelled from the previous cycle of stimulation.

A total of 27 patients, therefore, had access to the stage
of oocyte sampling and to the possible IVF, thanks to the
treatment with the new stimulation protocol with DHEA.
By analysing the amount of retrieved oocytes, the median
with conventional treatments resulted one oocyte, with a
maximum of four and a minimum of zero and a total of
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Table 1. — Comparison of the results obtained with pre-
and post-DHEA treatment.

Pre-DHEA Post-DHEA P
Patients 29 29 -
Mean age (years) 39.03+£12 397+£125 -
OFF 9/29 (31%)  2/29 (7%) 0.03
Median Retrieved 1 (4-0) 2 (5-0) <0.01
oocytes (max - min) Tot =35 Tot =66
Median oocytes in 1 (4-0) 2 (5-0) 0.02
fertilization (max - min) ~ Tot=32 Tot =53
Median fertilized oocytes 0 (3-0) 1 (4-0) 0.05 (n.s.)
Tot =20 Tot =33
Median fertilization rate 0 (1-0) 0.5 (1-0) 0.10 (n.s.)
(max - min)
Beta-hCG positivity (%) 029 (0%)  4/29 (13.8%) 0.12 (n.s.)
Evolutive pregnancies 0/29 (0%)  2/29(6.9%) 0.26 (n.s.)

Table 2. — McNemar Test: distribution of responding pa-
tients with conventional treatment (Pre-DHEA) and DHEA
protocol (post-DHEA)

Pre-DHEA

ON OFF TOTAL

ON 19 8 27
Post-DHEA (65.5%)  (27.5%)  (93%)

OFF 1 1 2

(3.5%) (3.5%) (7%)
TOTAL 20 9 29

(69.0%)  (31.0%)  (100%)

35, while it was two oocytes resulted with the protocol
DHEA, with a maximum of five and minimum of zero
and a total of 66. Applying the test function, the differ-
ence between the oocytes found in the two treatments was
statistically significant (»p < 0.01), with an evident greater
number obtained using the DHEA protocol. Pre-treatment
with DHEA, therefore, increased the amount of oocytes
recruited, while increasing the chances of a successful fer-
tilization.

This protocol demonstrated to increase not only the num-
ber of oocytes, but also the mature oocytes suitable for in-
semination, reducing the proportion of immature (germ
vesicle, metaphase I) and degenerate cells. With the con-
ventional treatment, in fact, the median of the oocytes
placed in fertilization was found to be one, with a maximum
of four and a minimum of zero and a total of 32, while
DHEA resulted in a median of two, with maximum of five
and a minimum of zero oocytes and the total of 53. The dif-
ference of oocytes “in fertilization “ resulted statistical sig-
nificant (p = 0.02), and the greater number of cells was
obtained with the DHEA protocol.

To evaluate the success of insemination, the number of
fertilized oocytes and fertilization rate (comparison between
the fertilized oocytes and those put into insemination) were
analysed.

The median of fertilized oocytes was found to be zero, with
a maximum of three and a minimum of zero and a total of 20,
with the pre-DHEA protocols, while it was one, with a max-
imum of four and a minimum of zero and a total of 33, with
the post-DHEA protocol. The differences, however, were
nearly but not statistically significant (p = 0.05). With regards
to the fertilization rate, a median of zero was obtained by the
first treatment, with a maximum of one and a minimum of
zero, while the second one obtained a median of 0.5, with a
maximum of one and a minimum of zero. Even in this case,
however, the difference was not found to be statistically sig-
nificant (p = 0.10). The lack of statistical significance was
most likely caused by the low number of recruited patients
and the small scale of the total embryos obtained, respectively
16 with conventional protocols and 31 with DHEA. How-
ever, the results indicate that DHEA has a tendency to in-
crease the chance of fertilization and, therefore, the indication
is to use it to enhance the chances of success of the IVF tech-
niques. Thanks to the regimen of pre-medication with DHEA,
a total of four pregnancies (13.8%) were obtained. Only two
of them evolved: an early abortion occurred in the other two
cases. However the difference between the two treatments,
with regards to the number of pregnancies and their progres-
sion, did not reach statistical significance (p = 0.12 and p =
0.26, respectively), because of the low number of patients en-
rolled in the study and the few obtained pregnancies.

Discussion

This study confirms that pre-medication with DHEA, as-
sociated with a short cycle with low doses of GnRH-a, in-
creases the overall probability of success in poor-responder
patients with clinical evidence of diminished ovarian reserve
(DOR). Therefore this clinical trial showed that the protocol
with DHEA increases the response rate to stimulation treat-
ments (in situations of poor response to ovarian stimulation),
reducing the percentage of cancelled cycles. Besides in-
creasing statistically the number of patients who reach the
end of the treatment, DHEA significantly increases the num-
ber of retrieved oocytes and the pool of mature cells suitable
for insemination, reducing the percentages of immaturity and
degeneration. Therefore benefits of DHEA in improving the
ovarian function in poor responders are confirmed, as re-
ported by several studies in the literature [11-13].

Thanks to this regimen, a propensity to an increased suc-
cess rates of stimulation treatments is also shown, as judged
by the number of embryos and pregnancies obtained, though
without reaching statistical significance, as highlighted in
other trials [12].

The mechanism by which DHEA induces all the effects
reported in the literature and partially demonstrated in this
study, still remains unknown. One hypothesis is that DHEA
has a synergistic effect with gonadotropins and exerts, there-
fore, a selective control in the early stages of follicular mat-
uration [14]. Besides the synergy with the gonadotropins
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(chiefly FSH), a direct role of DHEA on ovarian function is
hypothesized. The notion derives from the observation of
the evolution of the concentration levels of endogenous
DHEA: the peak is reached when a woman is between 20
and 30 years of age, followed by a progressive decline of
about two percent annually [15].

DHEA is not only the precursor of androstenedione,
testosterone, and E2 but it can also influence the follicular
growth acting as a ligand for the androgen receptors and/or
through alternative non-receptorial ways [16]. Another pos-
sible mechanism was described by Casson et al. [17]. They
experienced a transient increase of IGF-1 in patients under-
going induction with exogenous gonadotropins after pre-
treatment with DHEA, and they related it to the parallel
increase in androgens.

Barad and Gleicher [11] postulated that the effects of
DHEA can be due to the creation of a poycystic ovarian
syndrome (PCOS) -like situation in elderly ovaries. In fact
polycystic ovaries were described as a deposit of primordial
follicles in transition to primary ones, by the action of GF,
LH, and ovarian androgens, whose levels are increased in
this pathology. The ovarian theca cells of the pre-antral fol-
licles produce normally androstenedione, testosterone and
DHEA: women with PCOS have higher levels of testos-
terone, androstenedione and DHEA in serum and in ovar-
ian veins [18]. Therefore the prolonged exogenous
androgens administration could induce the changes (histo-
logically and sonographically seen) in the ovaries similar to
those ones of women with PCOS (18). Therefore the cre-
ation of a PCOS-like environment, could explain the cu-
mulative effect of DHEA on antral follicles, observed by
Barad and Gleicher [11].

DHEA is a weak androgen that is administered in the
U.S.A. as a dietary supplement, without the need for a pre-
scription. The potential side-effects include: acne, hirsutism,
alopecia, and oily skin. However, these androgenic effects
are minimal at the therapeutic doses of 75 mg/day [19] and
they did not occur in any patient in this study. Moreover,
considering that different physiological situations of
women, such as pregnancy, are themselves characterized by
a high level of DHEA, low doses of DHEA are safe, with-
out causing any health injury [20].

Doubts were raised regarding the safety of the treatment
because DHEA, as a precursor of androgens and estrogens,
could increase the risk of androgen or estrogen-dependent
cancers [21]. However because of the low dose and short
duration of administration of DHEA in the proposed proto-
col treatment, these risks cannot exist.

The most obvious limitation of this study is the lack of
randomization that, in some way, might have influenced the
results because of a possible effect of variables that were
not considered in the study and not randomly distributed.

Moreover, strength of the study is the evaluation of the
same patients who underwent both types of treatments, since
this procedure eliminates the inter-personal variability from

an ethnic, social, and pathologic point of view that could af-
fect observations.

The fact that the same women were subjected to succes-
sive cycles of stimulation might suggest that the good re-
sults obtained with the proposed protocol are influenced by
cumulatively previous stimulation. However, since the stim-
ulations performed in the present centre are spaced by at
least four months, to restore a condition of ovarian “rest”,
each treatment should be free from influences of the previ-
ous cycle.

The few samples (29 patients) are certainly a limitation
of the study. However, the present work is one of the few
perspective studies carried out on this topic. The only ran-
domized perspective study on the effects of DHEA, for ex-
ample, includes only 17 cases and 16 controls [3]. Moreover
the sample quantity makes it difficult to achieve statistical
significance regarding the analysis of probability in which
the percentage of positivity is further reduced. In fact, given
the limited probability of success related to the low ovarian
reserve condition to ovarian aging, the number of pregnan-
cies and their development, are quantitatively small and are
therefore inadequate to extend the sample assessments to
population.

Conclusions

The limitations of this study are mainly two: a few samples
(moreso, the same women were perspectively evaluated in
two successive cycles), the diversity of the protocols and the
doses of gonadotropins used in the two cycles (furthermore
the short protocol with high doses of FSH in the first cycle
were also predominantly used). After these clarifications it is
not an exaggeration to state that pre-medication with DHEA
appears to be a valid approach in the treatment of subfertil-
ity caused by age related reduced ovarian reserve because of
its efficacy and the lack of side-effects.

Further studies with larger, prospective, and randomized
trials are necessary to confirm the evidence discovered until
now.
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