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ABSTRACT

Introduction Dehydroepiandrosterone (DHEA) is an
important precursor of androgen and has been studied
and researched extensively for improving the various
outcome measures of ovarian stimulation in women

with advanced age or poor ovarian response. Androgens
also play an important role in the enhancement of
endometrial and decidual function by regulating both the
transcriptome and secretome of the endometrial stromal
cells and have a positive effect on various factors like
insulin-like growth factor binding protein 1, homeobox
genes (HOXA10, HOXA11), secreted phosphoprotein

1, prolactin which are necessary for implantation. It

is well-known that the circulating ‘precursor pool’ of
DHEA declines with age more so in poor ovarian reserve
patients and exogenous supplementation may be
beneficial in such cases. This double-blinded randomised
controlled trial (RCT) aims to test the hypothesis whether
transient targeted supplementation of DHEA as an
adjuvant to progesterone in frozen embryo transfer (FET)
cycles, for women with low serum testosterone, helps in
improving live birth rate.

Methods and analysis This study is planned as a
double-blinded, placebo-controlled randomised trial and
the sample size, calculated for the primary outcome
measure—live birth rate, is 140. All participants will

be having a flexible antagonist protocol for controlled
ovarian stimulation and an elective freeze-all policy for the
embryos as per the hospital protocol after written informed
consent. For FET, the endometrium will be prepared by
hormone replacement treatment protocol. During the

FET cycle, the intervention group will be receiving DHEA
25mg two times a day for 15 days from the day of starting
progesterone supplementation and the control group will
be receiving a placebo.

Ethics and dissemination The approval of the study
was granted by the Clinical Trials Registry—India and

the Institutional Ethical Committee of CRAFT Hospital

and Research Center. All participants will provide written
informed consent before being randomised into allocated
treatment groups. The results will be disseminated to
doctors and patients through conference presentations,

Strengths and limitations of this study

» This is a double-blinded placebo-controlled ran-
domised trial with a computer-generated system for
randomisation that eliminates the possible bias.

» Evaluating the novel concept of the role of dehy-
droepiandrosterone (DHEA) in the luteal phase of the
frozen embryo transfer (FET) cycle.

» The sample size and power calculation were fo-
cused on the primary outcome of the study, with
limited power to detect other secondary outcome
measures.

» The study intervention is limited to the hormone re-
placement treatment cycle, whether the same can
be extrapolated to poor ovarian reserve patients
undergoing natural cycle/downregulated FET cycle
need to be examined.

» We did not assess serum DHEA levels as we expect-
ed serum DHEA to be low when serum testosterone
is low and acknowledge this as a limitation.

peer-reviewed publications, social media and patient
information booklets.

Trial registration numbers CTRI/2020/06/025918;
ECR/1044/Inst/KL/2018.

INTRODUCTION

The establishment of a successful preg-
nancy depends on the embryo-endometrium
cross-talk. For the endometrium to become
receptive, endometrial stromal cells must
undergo various functional and morpholog-
ical differentiation to transform the decidual
lining which acts as a bed for the embryo, the
entire process is referred to as the process of
decidualization. It is a complex process with
the expression of various genes including
HOXA10, HOXAII, FOXOl, WNT4,
insulin-like growth factor binding protein 1
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(IGFBP-1)® and upregulation of progesterone,” glucocor-
ticoid, mineralocorticoid and androgen® receptors in the
endometrium.’

The androgen precursor, dehydroepiandrosterone
(DHEA) has been studied and researched extensively
for improving the various outcome measures of ovarian
stimulation in women with advanced age or poor ovarian
response. Though several meta-analyses7 % showed bene-
ficial effects of DHEA in women with diminished ovarian
reserve, its potential role in enhancing decidualization
is not explored well. The study by Gibson et al demon-
strated that DHEA enhanced the expression and secre-
tion of IGFBP-1, prolactin and secreted phosphoprotein
1 proteins and augmented the decidualization process
with possible increased expression of progesterone
receptors in vitro.” It is well known that both homeobox
genes (HOXA-10 and HOXA-11) and leukaemia-
inhibitory factor play a key role in the decidualization
and implantation process'’'* and recent evidence shows
upregulation of HOXA-10, HOXA-11 and leukaemia-
inhibitory factor with DHEA supplementation.6 DHEA
supplementation also increased vascular endothelial
growth factor-mediated angiogenesis which may enhance
decidualization.”"

With the increasing age, there is a decline in the
synthesis of androgens from adrenal glands and ovary
leading to a progressive fall in the level of androgens
including local endometrial androgen and their metab-
olites.'® This is more so evident in poor ovarian reserve
patients.17 These fascinating findings prompted us to
evaluate the role of transient targeted supplementation
of DHEA as an adjuvant to progesterone to improve the
reproductive outcome in the frozen embryo transfer
(FET) cycle, for women with low serum testosterone. To
the best of our knowledge, there are no published in vivo
studies on this aspect and the principal objective of this
randomized controlled trial (RCT) is to evaluate whether
DHEA supplementation during the luteal phase of the
FET cycle improves the live birth rates.

MATERIALS AND METHODS

Design, setting and participants

This study is planned as a double-blinded, placebo-
controlled randomised trial in an academic tertiary
fertility centre (CRAFT Hospital and Research Centre,
Kerala, India) after due approval from Institutional
Ethics Committee (IEC) and prospective registration in
Clinical Trial Registry—India. Patient recruitment started
on 17 June 2020; tentative completion of enrolment will
be by December 2021 and the result analysis will be by
September 2022. During the FET cycle, the intervention
group will be receiving DHEA 25 mg two times a day for
15 days from the day of starting progesterone supplemen-
tation and the control group will be receiving a placebo
with packaging, appearance and dosing similar to the
intervention drug.

Unlike studies on DHEA for improving follicular
recruitment, oocyte quality and quantity which required
supplementation of 3-4 months, DHEA to enhance
decidualization needed only limited days of supplemen-
tation.” Taking into consideration that we did not want
any premature decidualization process before we initiate
progesterone, we decided to supplement DHEA only
when we started progesterone and decided to offer it for
15 days arbitrarily based on our pilot study and as per
the linear progression association put forth by Gibson et
al?’ The impact of DHEA on the expression of decidual-
ization markers was also dose-dependent eliciting a bell-
shaped dose-response and the greatest increase in the
expression of decidualization markers was detected after
supplementation of DHEA in the physiological range.’
On account of this and the fact that both low and high
levels of testosterone are detrimental for implantation'® "
and endometrium can convert DHEA to active androgens
and physiologically testosterone production is increased
in the secretory phase® we chose an arbitrary dosage of
50mg per day.

Patient’s recruitment randomisation

In the FET cycle, once the endometrium is =8mm,

patients will be assessed for the possibilities of inclusion

for the trial which includes any one of the three:

1. Women with age 235 years or

2. Those with anti mullerian hormone (AMH) value less
than 1.1 ng/mL (Beckman Coulter assay) or

3. Antral follicle count (AFC) less than 7 (ie, potential
poor ovarian reserve patients).

These potential patients will be advised to give an early
morning blood sample for serum testosterone and if their
serum testosterone level is less than 0.2ng/mL, they will
be considered for the trial.

Exclusion criteria

1. Women with polycystic ovarian syndrome (PCOS)/

clinical hyperandrogenaemia.

2. Women with serum testosterone =0.2ng/mlL.
Women with body mass index more than 30 kg/m®
4. Women with congenital and untreated or acquired
uterine abnormality.

Women with untreated hydrosalpinx.

Women with thrombophilia.

7. Women with uncontrolled endocrine and haemato-

logical dysfunction.

8. Women undergoing preimplantation genetic testing

and endometrial receptivity array testing.

9. Women undergoing natural or ovulation induction

FET cycle/down-regulated FET cycle.

10. Women with thin endometrium less than 8 mm in the
index cycle.

11. Severe male factor infertility.

12. Difficult embryo transfer cases (failed embryo trans-
fer due to difficulty in negotiating external/internal
cervical os due to pinpoint cervix, cervical stenosis or
fibrosed cervical crypts).
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For patients undergoing FET, once the endometrium is > 8mm,
patients were assessed for inclusion & exclusion criteria for the trial

]

}

[

Blood sample for serum testosterone
(Morning at 7:00AM)

!

If testosterone is low (<0.2 ng/ml)

]

Exclusion criteria:

!

Re-assessment for
Inclusion Criteria done:

H/o PCOS/ hyperandrogenemia
BMI > 30 kg/m?

[
—

Patient is eligible for the trial

o Age>35years
Or

Congenital or untreated

!

e AMH < 1.1ng/ml

acquired uterine abnormality

Untreated hydrosalpinx
Thrombophilia (+)

[

Written Informed consent
from couple taken

Baseline AFC<7

|

v

Uncontrolled endocrine or

haematological dysfunction
PGT /ERA cycle
Azoospermia/ ATZ

Patient given allocated un-labelled
medication according to computer-based

randomization by pharmacy staff

Thin endometrium < 8mm

)

Couple with genetic/

chromosomal abnormality

Poor quality embryo
H/o Ovarian/Breast cancer
Allergy to DHEA

from the trial.

Patient compliance checked and asked to report
if any adverse reaction. In case of any serious
adverse reactions, the principal investigator will

be informed, and the patient will be removed

!

[ All data maintained by statistician ensuring double-blinding

v

Trial medication is stopped on the day of checking beta-hCG irrespective of the beta-hCG value.

The results are analyzed after the completion of the trial.

Figure 1

Patient flow chart: attached as a supplementary data. FET, frozen embryo transfer; PCOS, polycystic ovarian

syndrome; PGT, preimplantation genetic treatment; ERA, endometrial receptivity array; ATZ, absolute teratozoospermia; BMI,
body mass index; DHEA, dehydroepiandrosterone; beta-hCG, human chorionic gonadotropin; AMH, anti mullerian hormone;

AFC, antral follicle count.

13. Cases where only poor-quality embryos are available
for transfer.

14. Couple with genetic and chromosomal abnormality.

15. Known allergy to DHEA.

After fulfilling the inclusion and exclusion criteria,
study participants are selected. Treating consultant will
explain the study process to the patients and all partici-
pants willing for the study will provide written informed
consent with signatures before randomisation into allo-
cated treatment groups (figure 1). The randomisation
will be performed by statistician through computer-
generated random block sequencing; eligible patients
will be randomly assigned to either study or control
groups in a 1:1 ratio with random block sizes of four, six
or eight subjects to prevent predictability of allocation.
Both study participants and researchers/treating doctors
will be blinded for the study (double-blinded study).
Through computer-generated randomisation, patients
will be given a unique identification number. The corre-
sponding treatment allocation to this unique number will

be transmitted to the pharmacy staff, who will dispense
unlabelled strip containing capsules of either active 25 mg
DHEA (study group) or an inert ingredient (placebo-
control group) to be taken orally two times a day on the
starting day of progesterone for the luteal phase support
(LPS). Complete data of patient and treatment records
will be documented in the electronic medical system data-
base. All the pregnant patients will be followed till their
pregnancy outcome is obtained which could be either
delivery or miscarriage. Any adverse reaction or side effect
reported by the women will be recorded and escalated
to the principal investigator. Patients will be allowed to
withdraw from the study anytime. Patient participation in
the study can also be interrupted if the patient’s general
condition contradicts participation or there is a protocol
violation that could influence the outcome measures.

Primary objective
The studyaims to test the hypothesis whether the reproduc-
tive outcome is improved by androgen supplementation

Noushin MA, et al. BMJ Open 2021;11:054251. doi:10.1136/bmjopen-2021-054251

3



in the form of DHEA along with progesterone in FET
cycles, in women with low serum testosterone, which may
be either due to age-related changes or due to diminished
ovarian reserve. The primary outcome measure is the live
birth rate (defined as the delivery of a live-born >24 weeks
of gestation) per embryo transfer cycle.

Secondary objectives

The secondary outcomes are pregnancy rate (serum beta-
human chorionic gonadotropin (hCG) positive 2weeks
postembryo transfer), clinical pregnancy rate (evidence
of intrauterine gestational sac with cardiac activity of the
fetus at around 6-8 weeks’ gestation) and miscarriage rate
(defined as the proportion of women with pregnancy loss
before 20 weeks of gestation) per embryo transfer cycle.

Procedure
All participants in the study and the control group will
be having a flexible antagonist protocol for controlled
ovarian stimulation and an elective freeze-all policy for
the embryos as per the hospital protocol after written
informed consent. For FET, the endometrium will be
prepared by hormone replacement treatment protocol.
Estradiol valerate (Progynova; Bayer Schering Pharma) is
started on day 2 or 3 of the cycle at a dose of 2mg three
times a day orally and subsequently, the dose will be
stepped up as per the response of the endometrium to a
maximum dose of 12mg per day. Follow-up transvaginal
scan will be done to assess endometrial thickness from
day 9 of the treatment cycle. Once the endometrium
is >8mm, as per the hospital standard operating proce-
dure, before initiating progesterone for LPS we check
serum progesterone to rule out escape ovulation and if
patients fit into the potential study criteria serum testos-
terone is sent along with it. After randomisation patient
will receive either an unlabelled strip of DHEA 25mg
(study group) or a placebo (control group) to be taken
orally two times a day on the day of starting of vaginal
natural micronised progesterone (Cap Susten 400 mg—
Sun Pharma) 400 mg two times per day and oral dydroges-
terone (Duphaston—Abbott India Ltd) 10 mg three times
a day for LPS. On the fourth day of progesterone supple-
mentation, two embryos of day 3 developmental stage
with at least one morphologically good quality or grade
1 embryo are transferred. Patients are excluded from the
trial if the endometrial thickness is <8 mm during the
FET preparation or if there are no grade 1 (good)-quality
embryos available for embryo transfer. All the embryos
will be cultured till day 3 and will be graded as grade 1
(good) having <10% fragmentation, cell number >7 on
day 3 with no multinucleation. Grade 2 (fair) embryos
refer to grade 1 embryos that have 10%-25% fragmenta-
tion. Embryos are tagged as grade 3 when cell number
is <7 on day 3 or there is >25% fragmentation or evidence
multinucleation, as per Istanbul consensus.”'

After 12 days of embryo transfer, beta-hCG is checked
to confirm pregnancy and the trial medicine is stopped
irrespective of the beta-hCG result. LPS will be continued

until 10 weeks of gestation if pregnant. A transvaginal
ultrasound will be performed 4 weeks after the embryo
transfer to confirm viable intrauterine pregnancy.

One of the limitations of our study is that we did not
assess serum DHEA along with serum testosterone. As age
increases serum DHEA and testosterone level decreases.
Itis the testosterone that is going to bind to the androgen
receptor® and both high and low levels of serum testos-
terone are detrimental for implantation'® ' hence, we
chose to monitor serum testosterone over DHEA. Simi-
larly, after initiating progesterone and DHEA, we did not
monitor the serum DHEAS levels as DHEA-S and proges-
terone could crossreact with the commercial immu-
noassagg in a dose-dependent manner resulting in false
values.

Sample size calculation

The sample size is calculated for the primary outcome
measure—Ilive birth rate based on our retrospective study
of 193 patients which showed beneficial results with
DHEA supplementation; with the study intervention, with
a power of 80% and a error of 0.05, our required sample
size is 140 after considering 5% lost to follow-up and 5%
drop out rate.

Statistical analysis

A patient could enrol for the trial only once. All statistical
analysis will be performed by intention to treat principle.
Per protocol analysis will also be conducted. The Phar-
macy will have a list of participants with their unique iden-
tification code and their allocated treatment planned.
Complete data of patient and treatment record is docu-
mented in an electronic medical system database. Statis-
tical analysis will be performed using SPSS (V.20). For
normally distributed data, the mean and SD will be used
to describe data location and dispersion and Student’s
t-test and ” test will be used respectively for continuous
and categorical data. For not normally distributed data,
Mann-Whitney U test for continuous variables and McNe-
mar’s %” test for categorical variables will be considered.

Patient and public involvement

We do not have a formal patient group, but we have
discussed this with many of our patients, incorporated
their suggestions and they all uniformly agreed that
improvement in live birth rate which is our primary
outcome measure is what they are looking for. The partic-
ipants will be informed which treatment they received
after the trial is completed by phone as well as email. Also,
the study results will be published in the annual patient
information booklet. The DHEA capsules (study group)
as well as the placebo capsules (control group), addi-
tional testosterone testing, additional personnel work,
stationery and other consumables that are not part of the
routine clinical care will be funded by the hospital.

Ethics and dissemination
The use of DHEA has not been associated with any
major side effects. It is commonly used in patients with a
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decreased ovarian reserve and a recent study by Celik et al’
have shown its beneficial effect in implantation. We will
be using DHEA in those who have low serum testosterone
only for a limited period of 14 days, hence we expect
fewer side effects. The side effects usually reported are
mainly androgenic, namely, facial hair growth, acne and
rarely deepened voice. In case of any side effects and non-
compliance, the patient will be asked to stop the medi-
cation and escalated to the principal investigator. This
study has been approved by the Clinical Trial Registry of
India (trial registered prospectively on 16 June 2020) and
reporting will be according to the 2013 Standard Protocol
Items: Recommendations for Interventional Trials state-
ment. Any modification of the research protocol will be
subjected to an authorisation agreement from the Ethics
Committee. All participants will provide written informed
consent before being randomised into allocated treat-
ment groups. The participants will be informed about the
treatment they received after the completion of the trial.

We are planning to embed our study results in clin-
ical practice and disseminate the findings through peer-
reviewed journal publications, scientific conferences,
social media and patient information booklets. The
results obtained through this research may help clinicians
in understanding the concept of supplementing DHEA
and take a judicious decision. If DHEA is found to be
effective, it will be a novel cost-effective and safe strategy
for improving the implantation rate.
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