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ABSTRACT

OBJECTIVE: To evaluate the role of dehydroepiandrosterone (DHEA) supplementation
in women with poor ovarian response (POR) undergoing in vitro fertilization (IVF).
DESIGN: Prospective case-control study. SETTING: Private tertiary fertility clinic.
MATERIALS AND METHODS: 31 infertile women with POR diagnosed as per the Bologna
criteria. INTERVENTIONS: DHEA supplementation for 2 months and a subsequent IVF
cycle, after two previous IVF cycles with POR. MAIN OUTCOME MEASURE(S): Dose
and duration of gonadotropin therapy, oocyte yield, embryo number and quality, pregnancy
and live birth rate. RESULTS: No difference was seen in gonadotropin requirement
before and after DHEA supplementation. There was a significant increase in total
and metaphase II oocytes (5.9 * 0.68 vs. 2.73 * 0.24; 4.45 = 0.47 vs. 2.09 = 0.26),
fertilization (3.65 = 0.49 vs. 2.00 + 0.27), Grade I embryos (1.52 + 0.25vs. 0.55 = 0.18),
pregnancy rate (30% vs. 9.1%) and live birth rate (25% vs 0%) in those who completed
the cycle, following DHEA supplementation. CONCLUSIONS: Dehydroepiandrosterone
supplementation results in an improvement in oocyte yield, embryo quality, and live birth
rate in a group of women with POR having undergone at least two previous failures due
to POR.

KEY WORDS: Bologna criteria, dehydroepiandrosterone supplementation, embryo
quality, live birth rate, Poor ovarian response

INTRODUCTION stimulation protocols or any beneficial role of
adjuvant therapy used in this group of women

Poor ovarian response (POR) is an difficult.” Introduction of the Bologna criteria
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important limiting factor to success in
in vitro fertilization (IVF). It is encountered
in approximately 10-15% of women
undergoing conventional IVFE.['? Even
though the true incidence of POR in various
ethnicities is unknown, it is believed that
the magnitude varies between women of
different ethnicities.”! The cause of this
remains unexplained in the large majority,
even though genital tuberculosis may be an
important aetiological factor.*! In addition
to the reduced success rate, emotional
and financial burden associated with this
diagnosis are well-understood.

Lack of consensus for diagnosis of POR
makes comparison of efficacy of various

for the definition of POR is a very important
step toward applying the diagnosis to a more
homogenous group and compare the results
of different interventions to draw reliable
conclusions.®! Various interventions before
or during ovarian stimulation have been in
use in order to improve the ovarian response.
These include administration of aromatase
inhibitors, androgens or androgen modulating
agents, growth hormone, human chorionic
gonadotropin (HCG), and luteinizing
hormone.” The beneficial role if any, of these
agents in Indian women with poor response
in IVF, is hitherto not evaluated.

Dehydroepiandrosterone (DHEA) has been
demonstrated to improve ovarian response
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in women with POR in a small number of studies including
one randomised controlled trial (RCT) study.®* DHEA
is secreted by adrenal cortex, central nervous system,
and ovarian theca cells.'! It serves as a prohormone for
androgens and estrogens, but its conversion may not be
symmetrical favoring testosterone over the estradiol and
may depend on the steroidogenic enzymes present in
peripheral target tissues.'>'?l A most recent in vivo study in
the sheep model has shown a high proportion of follicles
remaining in antral stage after DHEA supplementation.!"” It
is known that androgen receptor mRNA and androgen levels
in human granulosa cells from small antral follicular fluid
correlate with follicular stimulating hormone (FSH) receptor
mRNA expression, signifying the positive role of androgens
in the early follicular development.!'® Another mechanism
of action attributed to DHEA is an increase in ovarian
Insulin-like growth factor-1.5%>%%1 Recently, DHEA is shown
to improve the follicular microenvironment by lowering the
levels of hypoxic inducible factor 1. Its beneficial effect
may be due to rescue of small antral follicles from atresia
measured as an increase in the antral follicle count (AFC) and
ovarian volume.* However, it may also act by increasing
the recruitment of preantral or small antral follicles seen as
an increase in anti-Mullerian hormone (AMH).l"" It offers
a relatively inexpensive and simple adjuvant therapy in
PORs, and the cost of therapy in India is approximately
$28/month. Possible virilising effects such as acne, deepening
of voice, and facial hair growth appear to be minimal at the
therapeutic dose used.??!l However, particular attention
may need to be given in women prone to convulsive activity
while considering DHEA supplementation.® The aim of this
study was to prospectively evaluate the impact of DHEA
supplementation in PORs of a single ethnicity undergoing
IVF on the gonadotropin requirement, endocrine parameters,
number of total and mature oocytes, number and quality of
embryos; implantation, pregnancy, and live birth rate.

MATERIALS AND METHODS

A prospective case—control study was performed at a private
tertiary referral center, between August 2011 and September
2012. The study was approved by the Institutional Review
Board of the hospital. Baseline assessment of all study
participants included estimation of day 3 FSH, AMH; and
a transvaginal ultrasound scan (TVS) to assess the AFC
performed by a single radiologist, not involved in the
study. Diagnosis of PORs was based on per the Bologna
Criteria: All these women had undergone at least one
previous cycle of IVF elsewhere with maximal stimulation
and documented poor response (<4 oocytes) in the most
recent cycle and; an abnormal ORT (AMH < 1.1 ng/ml or
AFC < 7) or previous surgery for ovarian endometrioma
or cyst. They were counseled to undergo one cycle of IVF
with maximal stimulation (Group I) and if unsuccessful, a

further IVF cycle following DHEA supplementation for a
minimum period of 60-day (Group II). Verbal and written
information regarding the presence of only a small body of
evidence supporting use of DHEA in PORs was provided
to them, and an informed written consent was obtained.

Group I consisted of a total of 31 women less than 40 years
of age who fulfilled the selection criteria and agreed to
participate in the study: 8 had undergone more than one
cycle of IVF elsewhere with the most recent cycle being
of POR; 23 had undergone one previous cycle of IVF
elsewhere with documented POR. All of them underwent
IVF/intracytoplasmic sperm injection (ICSI) with human
menopausal gonadotrophin 375 IU (Menogon, Ferring
GmbH, Germany) from day 2 of the cycle and received GnRH
antagonist in a fixed protocol, 0.25 mg s.c. daily from the fifth
day of stimulation onward (Cetrotide, Merck Serono Europe
Limited, United Kingdom). Response to ovarian stimulation
was monitored by both TVS and hormonal assessment.
Ovulation trigger was given with rHCG 250 ug s.c. (Ovitrelle,
Merck Serono S.p.A. Modugno (BA), Italy) when the leading
follicle reached 18 mm diameter. Cycles were cancelled for
lack of response if no dominant follicle was present following
7 days of stimulation and serum estradiol (E2) concentration
was <100 pg/ml. Transvaginal sonography was performed
using ALOKA scanner (model SSD — 4000 Plus; Hitachi
AlokaMedical, Japan). The hormonal assays for FSH, E2 and
Progesterone (P) were performed with the automated cobas
e 411analyser (Roche Diagnostics, Manneheim Germany).
AMH assay was performed with Genll enzyme-linked
immunosorbent assay (Beckman Coulter, Inc., USA).

Oocyte retrieval was performed 36 h after HCG administration.
ICSI was performed for all, as per the routine practice in PORs
in our clinic. Number of oocytes, metaphase II (MII) oocytes,
fertilization, cleavage, and number of embryos transferred
were assessed and documented by a single embryologist,
throughout the study period. Fertilization was assessed 18 h
after ICSI and embryo grades were documented on day 2
and day 3.%! Embryos with eight or more equal blastomeres
and without any fragmentation were considered as Grade I
on day 3. Embryo transfer was performed on day 3 with
K-JETS-7019-SIVF embryo transfer set (Cook Ireland Ltd.,
Ireland) under transabdominal ultrasound guidance, and a
maximum of three embryos were transferred.

Luteal phase was supported by vaginal progesterone (Susten
suppositories, Sun Pharmaceutical Ind Ltd., India) 400 mg
twice daily from the day of oocyte retrieval. Pregnancy
outcome was confirmed by serum beta HCG 12 days
after embryo transfer. If positive, a TVS was performed
approximately 28 days after embryo transfer and clinical
pregnancy was confirmed if fetal cardiac activity was noted
on TVS.
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Following the first cycle, 27 women had an unsuccessful
cycle with POR and agreed for DHEA supplementation. Of
these, 2 discontinued DHEA after a few weeks of therapy
and two declined any further IVFE. Those who agreed for
DHEA supplementation received oral micronized DHEA
25 mg 3 times a day (DHEA PREG, Aarkios Health Private
Limited, India) for a minimum period of 2 months prior
to further IVF. An additional two women from Group I
whose pregnancies ended in miscarriage subsequently went
on DHEA supplementation prior to further IVF. The IVF/
ICSI protocol was identical to that of Group I and the same
outcome parameters were recorded.

Statistical analysis

Descriptive statistical analysis was carried out to analyze
various parameters. Results on continuous measurements
are presented on mean * standard error and results on
categorical measurements are presented in number (%).
Results are considered significant if P < 0.05.

Student’s t-test (two-tailed, independent) has been used to
find the significance of study parameters on a continuous
scale between two groups (inter-group analysis) on metric
parameters. Levene’s test has been performed to assess the
homogeneity of variance. Chi-square/Fisher exact test has
been used to find the significance of study parameters on
the categorical scale between two groups. Power analysis
estimated a sample size of 25 needed for this evaluation
study, for 80% of statistical power and 5% type I error.

The statistical software SAS 9.2 (SAS Institute Inc, Cary,
NC, USA) SPSS 15.0 (SPSS Inc., Chicago, IL), Stata 10.1 (Stat
Corp LP, College Station, TX), MedCalc 9.0.1 (MedCalc,
Mariakerke, Belgium), Systat 12.0 (Cranes Software,
Bangalore, India), and R environment ver. 2.11.1 (GNU
Project, Free Software Foundation, Boston, MA) were used
for the analysis of the data.

RESULTS

Of the 31 women, who underwent IVF in Group I, two were
excluded from all analysis as the oocyte yield was more
than 3 in them. Baseline characteristics of the remaining 29
women are shown in Table 1. 18 women were 25-35 years
of age and 11 were 36-39 years. They had undergone an
average of 1.13 cycles of IVF prior to the commencement
of the study. AMH and AFC predicted poor response
correctly in 26 and 27 of them with 90% and 95% sensitivity,
respectively. Both parameters were within normal range
in the two women excluded from the analysis. There was
a nonsignificant increase in the AMH concentration in
Group II compared to Group I (0.91 + 0.09 vs. 1.78 + 2.32;
P 0.058). No increment in AFC was documented following
DHEA supplementation (4.34 +0.33 vs. 4.52+1.98; P 0.753).

Table 2 shows the stimulation characteristics of the
two groups. There was no difference in the duration of
stimulation, or total gonadotropin requirement between
the two groups. A nonsignificant reduction in the cycle
cancellation rate was seen in Group II. A nonsignificant
increase in peak E2 was noted in Group II and the serum P
concentration on the day of HCG was significantly higher in
Group Il compared to Group I. The mean duration of DHEA
supplementation was 11.0 weeks (range: 8.5-19.4 weeks).

On further analysis of the data in those who reached oocyte
retrieval, women in Group Il showed a significant increase
in the oocyte yield, MII oocytes, 2 pronuclei fertilization and
Grade I embryos [Table 3]. Despite no difference between
the two groups in the number of embryos transferred,
a trend toward better implantation rate was noted in

Table 1: Baseline characteristics of women in Group |
Baseline parameters
Age in years*

23-40 (33.76+5.13)

BMI 24.19+4.94
Day 3 FSH 13.80+1.69
AMH 0.91+0.09
AFC 4.3440.33

Previous cycles** 1.13 (1-5)

*Expressed as range (mean+SD), **Expressed as mean (range); all other parameters are
expressed as mean+SE. SD=Standard deviation, SE=Standard error, BMI=Body mass index,
FSH=Follicular stimulating hormone, AMH=Anti-Mullerian hormone, AFC=Antral follicle count

Table 2: Stimulation cycle characteristics

Group I Group II P
(n=29) (n=25)
HMG days 9.62+0.41 9.76+0.37 0.8
HMG dose (IU) 3486.21x173.09  3517.00+172.93 0.9
Cycle cancellation 7(24.1) 5(20.0) NS
rate (%)*
Peak E2 (pg/ml) 11294218 1669+287 0.14
P on the day of 0.7673+0.44 1.14+0.09 0.0019
HCG (ng/ml)

Values are mean+SE; *Cancellation rate is expressed n (%). SE=Standard error, HMG=Human
menopausal gonadotrophin, HCG=Human chorionic gonadotropin, NS=Nonsignificant,
E2=Serum estradiol

Table 3: Oocyte, embryo and pregnancy parameters in
women undergoing oocyte retreival

Group I Group II P
(n=22) (%) (n=20) (%)

Egg yield 60(2.73+0.24) 118 (5.90+0.68) <0.001
Number of MII oocytes 46 (2.09+0.26) 89 (4.45+£0.47) 0.0001
2 pronuclei fertilization 44 (2.00+0.27) 73 (3.65+0.49) <0.001
Grade I embryos 12(0.55+0.18) 35 (1.52+0.25) 0.003
Grade II embryos 20(0.91+0.19) 14 (0.61+0.16) 0.229
Embryos transferred 1.36+1.14 1.80+0.95 0.187
Implantation rate 6.67 16.67 -
Pregnancy rate 2(9.1) 6 (30.0) -
Miscarriage rate 2 (100) 1(16.7) -
Live birth rate 0 5(25) 0.012

Oocyte and embryo parameters are mean+SE; pregnancy outcome parameters are n (%).
MIl=Metaphase Il, SE=Standard error
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Group Il [Table 3]. There were two singleton pregnancies in
Group L, both of which ended as first-trimester miscarriages.
There were six singleton pregnancies in Group II, one of
them ending in the first-trimester miscarriage.

A subgroup analysis in Group II of oocyte yield and total
number of embryos in younger women (<35 years of age)
and older women (36-40 years of age), did not show any
significant difference between the two groups (oocyte yield
5.7+£2.31 vs. 6.1 +3.81; total number of embryos 3.6 +1.95 vs.
3.7 +2.54).

Pregnancy outcome

The outcome of the five pregnancies in Group Il is as follows:
4 of them have delivered live singleton babies at term, and
one had a preterm delivery at 32 weeks of gestation and the
neonate required admission to NICU for a week, in view
of prematurity. Live birth rate was significantly higher in
Group II compared to Group I [Table 3].

Side effects

Apart from two women, in Group II, reporting a marginal
lengthening of their menstrual cycles following DHEA
supplementation, no other side effect was encountered.

DISCUSSION

Voluntary delayed childbearing has increased the need
for IVF globally.”! POR due to either advanced age or
other underlying causes affect the outcome adversely!***3!
and this appears to occur at a younger age in women of
Indian ethnicity compared to Caucasian women.”! With the
increasing burden of POR, various adjuvant therapies are in
use in an attempt to improve the outcome even though such
a practice has been questioned in the light of very limited
evidence available.l*

There is a paucity of studies diagnosing POR based on the
Bologna criteria and evaluating the role of adjuvant therapy
in PORs. To our knowledge, this is the first study adopting
the Bologna criteria for diagnosis of POR, further, including a
very homogenous group of PORs, all having undergone two
cycles of IVF with maximal stimulation, and documented
POR prior to DHEA supplementation and in a population
considered to have a high incidence of POR. Such a study
design would rule out the possibility of an improvement
seen in the subsequent cycle solely due to “regression to the
mean” with recruitment of a larger cohort."”!

The average age of women included in this study is younger
compared to previous reports.'1132034 We believe that it
reflects the occurrence of POR earlier in women studied, as
hasbeen documented previously in certain ethnicities.! This
study did not show any improvement in cycle parameters

such as duration of treatment or dose of gonadotropins, as
has been documented previously and only a nonsignificant
reduction in cancellation rate.'?"! Unlike previous reports,
the changes noted in peak E2 levels were only modest.[*?
Shorter duration of DHEA supplementation compared to
previous studies may explain these findings.!"*** However,
it is known that parameters like improvement in oocyte
quality leading to a reduction in aneuploidy may be seen
with a shorter duration of supplementation.®'%%! The
decision to limit DHEA supplementation to 2 months was
based on the above evidence and in view of the concerns of
prolonged delay in active treatment in a group of women
with severely diminished ovarian reserve.?*! As documented
previously, we also noted a significant increase in the
P level on the day of HCG without any adverse effect on
implantation.”]

We noted an improvement in a number of total oocytes
and mature oocytes as has been shown previously.*02021
Our findings also support the previous evidence of
improvement in number and quality of embryos.[*13223] Ag
noted previously, there was a trend toward improvement
in implantation and pregnancy rate despite a lack of
significant difference between the two groups in the
number of embryos transferred.! Similar to previous
reports, we noted a significant increase in the live birth
rate.l! Previous studies have documented a reduction in
aneuploidy following DHEA supplementation resulting in
areduction in miscarriage.*** However, the small number
included in the study precludes any conclusion to be drawn
in this regard. Similar to previous studies, DHEA was
well-tolerated, and there was a high compliance among the
women in Group IL.[02]

It has been suggested that in addition to the direct benefits
of DHEA supplementation, reduction in duration or
dose of treatment will help reducing the financial burden
inherent with treatment.! It is believed that the beneficial
effects despite an apparent lack of improvement in ovarian
reserve markers such as AMH and AFC as was noted in
our study could be due to an improvement in intra-ovarian
environment secondary to increased intra-ovarian
androgens.?*) The overall benefits of reducing the number
of repeated IVF cycles and avoiding egg donation cycles in
up to 20% of PORs is multidimensional and may be difficult
to evaluate.

Limitations of this study are the inclusion of small
numbers both due to this being a single center study and
strict selection criteria; and nonrandomized study design.
However, easy availability and safety of DHEA and
difficulty in conducting RCT in this challenging subgroup
of women may mean obtaining evidence through other
study designs.[*!!
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CONCLUSIONS

This is the first study including a very homogenous group
of PORs, recruited using the Bologna criteria, with POR in
two successive IVF cycles with maximal stimulation. Even
though the sample size is the limiting factor, a significant
improvement in many of the outcome parameters
including embryo quality, resulting in a better live birth
rate is of importance to note. The results of this study
add to the growing body of evidence in support of DHEA
supplementation in PORs. Indirect benefits of reducing the
number of attempts to achieve pregnancy and avoidance of
egg donation in up to 20% of this challenging subgroup of
women is encouraging. Further studies including a larger
number of poor responders are warranted to define the
place of DHEA supplementation in this challenging clinical
situation.
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