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Background: Dehydroepiandrosterone (DHEA) may improve the outcomes of
patients with poor ovarian response (POR) or diminished ovarian reserve (DOR)
undergoing IVF/ICSI. However, the evidence remains inconsistent. This study
aimed to investigate the efficacy of DHEA supplementation in patients with POR/
DOR undergoing IVF/ICSI.

Methods: PubMed, Web of Science, Cochrane Library, China National
Knowledge Infrastructure (CNKI) were searched up to October 2022.

Results: A total of 32 studies were retrieved, including 14 RCTs, 11 self-controlled
studies and 7 case-controlled studies. In the subgroup analysis of only RCTs,
DHEA treatment significantly increased the number of antral follicle count (AFC)
(weighted mean difference : WMD 1.18, 95% confidence interval(Cl): 0.17 to 2.19,
P=0.022), while reduced the level of bFSH (WMD -1.99, 95% CI: -2.52 to -1.46,
P<0.001), the need of gonadotropin (Gn) doses (WMD -382.29, 95% ClI: -644.82
to -119.76, P=0.004), the days of stimulation (WMD -0.90, 95% ClI: -1.34 to -0.47,
P <0.001) and miscarriage rate (relative risk : RR 0.46, 95% ClI: 0.29 to 0.73,
P=0.001). The higher clinical pregnancy and live birth rates were found in the
analysis of non-RCTs. However, there were no significant differences in the
number of retrieved oocytes, the number of transferred embryos, and the clinical
pregnancy and live birth rates in the subgroup analysis of only RCTs. Moreover,
meta-regression analyses showed that women with lower basal FSH had more
increase in serum FSH levels (b=-0.94, 95% ClI: -1.62 to -0.25, P=0.014), and
women with higher baseline AMH levels had more increase in serum AMH levels
(b=-0.60, 95% CI: -1.15 to -0.06, P=0.035) after DHEA supplementation. In
addition, the number of retrieved oocytes was higher in the studies on relatively
younger women (b=-0.21, 95% CI: -0.39 to -0.03, P=0.023) and small sample
sizes (b=-0.003, 95% CI: -0.006 to -0.0003, P=0.032).

Conclusions: DHEA treatment didn't significantly improve the live birth rate of

women with DOR or POR undergoing IVF/ICSI in the subgroup analysis of only
RCTs. The higher clinical pregnancy and live birth rates in those non-RCTs
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should be interpreted with caution because of potential bias. Further studies
using more explicit criteria to subjects are needed.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD 42022384393.
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dehydroepiandrosterone, diminished ovarian reserve, poor ovarian response,
fertilization in vitro, pregnancy outcome

1 Introduction

Given advancements in assisted reproductive technology
(ART), poor ovarian response (POR) or diminished ovarian
reserve (DOR) remains the most challenging problem in clinical
practice. The incidence of POR varies from 9-24% among patients
undergoing ovarian stimulation for in vitro fertilization (IVF) or
intracytoplasmic sperm injection (ICSI) (1). I's known that the
number of oocytes retrieved is the major determinant of outcomes
in ARTs; the higher the number of oocytes retrieved, the higher the
cumulative live-birth rate (2). However, women with POR often
respond poorly to ovarian stimulation, resulting in fewer oocytes,
low implantation rate and pregnancy rates (2-4%), and high cycle
cancellation rates (20%) (3, 4). Over the years of ART development,
various methods were proposed to improve the cycle outcome of
POR women, however, most of them were not showed the
satisfactory evidence to be recommended.

Dehydroepiandrosterone (DHEA), an endogenous steroid, is
originated from the adrenal glands (80%) and ovarian theca cells
(20%) (5). DHEA plays the androgen’s roles by converting into
testosterone and dihydrotestosterone in the targeted organs. A plenty
of animal studies showed that DHEA supplementation could stimulate
granulosa cell proliferation, amplify responsiveness to FSH and in turn
stimulate the recruitability of preantral and antral follicles (6, 7). Besides
laboratory evidence, clinical observations found that those women with
polycystic ovary syndrome (PCOS), congenital adrenal hyperplasia and
female-to-male transgender often exhibited higher density of
primordial and preantral follicles in their ovaries (8), which further
suggested that exposure to more androgens may lead to the increased
number of developing follicles and the improved outcomes of IVF/ICSL

In the last decades, many studies have investigated the efficacy
of DHEA priming in women with POR. However, the evidence of
clinical outcomes remains insufficient, or even contradictory. There
was large heterogeneity in related studies, such as the definitions of
PORs, baseline characteristics of participants (i.e., age/BMI/ovarian
reserve) and DHEA supplement protocol (i.e., intervention dose/
duration), which makes difficulty in the integration of their findings.
Importantly, the reproductive prognosis differs extremely between
populations. For example, Xu et al. (9) evaluated 3391 women with
POR and revealed that the live birth rate varied according to age
group, which highlights the importance of covariates other than
DHEA supplementation in prognosis and presents a challenge in
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conducting the pooled analysis. During 2021 and 2022, there was an
increased number of papers with large sample size published
concerning DHEA treatment in PORs. Therefore, we conducted
this meta-analysis and meta-regression analysis to quantify the
outcomes of PORs with DHEA treatment and explore possible
factors of the heterogeneity of results, as a reference for clinical
application of DHEA priming in women with POR or DOR
undergoing IVF/ICSI.

2 Materials and methods

A PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) checklist was created and showed in the
Supplementary Materials. The study was previously registered on
PROSPERO with ID CRD42022384393.

2.1 Search strategy and selection criteria

We systematically performed an extensive literature search of
PubMed, Web of Science, Cochrane Library, China National
Knowledge Infrastructure (CNKI) from inception to Oct 2022, for all
relevant articles under the following Medical Subject Headings (MeSH)
terms (https://www.nlm.nih.gov/mesh/MBrowser.html) to generate
subsets of studies: (i) “DHEA” or “Dehydroepiandrosterone”, (ii)
“Poor ovarian response” or “POR” or “poor responder” or
“diminished ovarian reserve” or “DOR”, (iii) “IVF” or “ICSI”. These
subsets were combined using ‘AND’ to generate a subset of citations
relevant to the research subject. Only articles reporting human
participants were included. There was no language restriction
of publications.

RCTs, case-controlled studies, and self-controlled studies were
eligible that met the inclusion criteria: (i) participants with DOR or
POR who were undergoing IVF/ICSL; (ii) patients in the study
group receiving DHEA treatment, and those in the control group
receiving no DHEA treatment; (iii) reported any of our outcomes of
interest. The term “DOR?” refers to women with advanced maternal
age and/or an abnormal ovarian reserve test. There are a variety of
definitions of POR among previous studies, including: (i) the initial
criteria that women with advanced female age, poor ovarian
response to gonadotropin stimulation, and abnormal markers of
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ovarian reserve; (ii) the Bologna criteria proposed in 2011 (10); and
(iii) the POSEIDON criteria proposed in 2016 (11), and we did not
adopt any restrictions. The primary outcomes were clinical
pregnancy and live birth rate, and the secondary outcomes were
the changes of AFC, AMH and bFSH, total dose of gonadotropins
(Gn), stimulation days, estradiol (E2) level on the day of
administering human chorionic gonadotropin (hCG), endometrial
thickness, oocytes retrieved, embryos transferred and miscarriage
rate. Duplicate studies and studies without full-text were excluded,
as well as animal studies, conferences, and case reports.

2.2 Data extraction and quality assessment

All full manuscripts were reviewed by two reviewers (JZ and HJ)
independently. Extraction data for each study are as follows: (i) study
data (author, year of publication and country of origin); (ii) study
design (sample size, blinding and allocation methods); (iii) inclusion
criteria (the definitions of DOR or POR); (iv) baseline characteristics
(age, BMI, bFSH and duration of infertility); (v) DHEA supplement
protocol (dose and duration); (vi) stimulation protocol; (vii) outcome
data. The searches and inclusion analysis were independently
conducted by two researchers, JZ and HJ, and any discrepancies
were resolved by discussion. They independently assessed each
study’s risk of bias, and a third author (YC) resolved the
disagreement. The revised Cochrane risk of bias tool for randomized
trials (RoB2) (12) was used to assess the risk of bias for RCTs. The risk
of bias of non-randomized studies was assessed using the risk of bias in
non-randomized studies of interventions (ROBINS-I) tool (13).

2.3 Statistical analysis

The analysis was carried out using Stata version 17.0 (StataCorp,
College Station, TX, USA). Dichotomous variate was expressed as the
pooled relative risk (RR), and continuous variate was expressed as the
weighted mean difference (WMD). A subgroup analysis by the type of
study design was performed to evaluate the effect size and explore the
source of heterogeneity. Forest plot was used to present the data
graphically. Heterogeneity was evaluated with I° statistics. If the
heterogeneity was not statistically significant (I’ <50%), a fixed effect
model using the Mantel-Haenszel method was used to analyze the
outcome; if the heterogeneity was statistically significant (I* >50%), a
random effect model using the DerSimonian-Laird method was used
for meta-analysis. In addition, meta-regression was further planned to
explore the source of high heterogeneity. The funnel plot and Egger’s
test were used to evaluate publication bias. P<0.05 was considered
statistically significant.

3 Results
3.1 Study selection and characteristics

The study selection process was showed in Figure 1. A total of
385 relevant studies were identified. After the duplicated articles
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were excluded, 129 studies were selected for the initial screening of
titles. Then, 40 studies were in line with the experimental design by
reviewing the titles and abstracts. Following the evaluation of the
full manuscripts, 8 studies were excluded; finally, 32 studies were
retrieved for review and inclusion in this meta-analysis. These 32
studies were published between 2006 and 2022, including 14 RCT's
(14-27), 11 self-controlled studies (28-38) and 7 case-controlled
studies (39-45). RCT's were assessed using the ROB2 criteria (Figure
S1), and non-RCTs using ROBINS-I criteria (Table S4). The
detailed characteristics of these studies were summarized in
Table S3.

3.2 Primary outcomes: effect on
clinical outcomes

The clinical pregnancy rate and the live birth rate were analyzed
using fixed-effect models because of low heterogeneity. For the
pooled analysis of two types of studies, the DHEA supplementation
groups had a higher clinical pregnancy rate (RR 1.34, 95% CI: 1.17
to 1.55, P<0.001) and a live birth rate (RR 1.86, 95% CI: 1.21 to 2.86,
P=0.005) than the control groups (Figures 2A, B). Interestingly, the
results of the RCTs showed that DHEA treatment had no
relationship with the improvement of clinical pregnancy rate (RR
1.18, 95% CI: 0.98 to 1.41, P=0.081), which was in agreement with
the live birth rate when including only RCTs (RR 1.59, 95% CI: 0.87
to 2.93, P=0.134) (Figures 2A, B).

3.3 Secondary outcomes

3.3.1 Effect on ovarian reserve markers

We investigated the improvement of FSH, AMH levels and AFC
after DHEA treatment. The results showed that DHEA treatment
significantly increased the number of AFC and decreased FSH level
in subgroup analyses of only RCTs or only non-RCTs. Pooled
analysis of all types of studies indicated that there was a significant

Studies included in meta-analysis
(n=32)
Randomized controlled studies (n=14)
Self-controlled studies (n=11)
Case-controlled studies (n=7)

—
5
'§ Records identified through database Records after duplicates removed
&= Searching (1=256) P
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)
=
—
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8 (n=129) 2. Animal studies (n=16)
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4. Conferences papers (n=2)
—
A 4
g Full-text articles assessed for Excluded full-text articles, with reasons
2 igibili > 1. Not original text found (n=4)
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FIGURE 1
PRISMA flowchart of the study selection procedure.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1156280
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhang et al.

10.3389/fendo.2023.1156280

FIGURE 2

Forest plots of clinical outcomes. (A) Clinical pregnancy rate; (B) Live birth rate; (C) Miscarriage rate

increase for AMH level (WMD 0.34, 95% CI: 0.17 to 0.51, P<0.001)
in the DHEA treatment groups than in the control groups; but for 5
RCTs, the result of pooled analysis did not display a statistical
increase for AMH (WMD 0.1, 95% CI: -0.14 to 0.34, P=0.416)
(Figures 3A-C).

3.3.2 Effect on variables during IVF procedure

The analysis of all studies or only RCTs both showed that the
needed Gn doses and stimulation days were statistically less in the
DHEA treatment groups, but not in the non-RCT studies
(Figures 4A, B). Pooled analysis of two types of studies (13 RCTs
and 12 non-RCTs) indicated that DHEA treatment increased the
peak E, level on the day of injecting hCG (WMD 88.43, 95% CI: 45.15
to 131.71, P<0.001), but there was no significant difference in the only
RCTs (WMD -33.21, 95% CI: -222.59 to 156.17, P=0.731)
(Figure 4C). Despite the E, level in the DHEA treatment group
was increased in the analysis including all studies or only non-RCTs,
endometrial thickness was not significantly increased (Figures 4C, D).

3.3.3 Effect on oocytes and embryo yields

The pooled analysis of two types of studies showed that the
DHEA treatment group had the higher numbers of retrieved oocytes
(WMD 0.99, 95% CI: 0.41 to 1.56, P=0.001) and transferred embryos
(WMD 0.27, 95% CI: 0.01 to 0.52, P=0.040), when compared to the
control group (Figures 5A, B). However, no significant difference was
observed in the analysis of RCTs (P=0.123, P=0.274) with high
heterogeneity of 98.5% (P) and 97.3% (I°).

3.3.4 Effect on miscarriage rate
The meta-analysis revealed a low heterogeneity among the
studies (I° = 4.9%). The pooled analysis was then conducted

using the fixed-effects model. The results indicated that the
DHEA supplementation groups had a lower miscarriage rate (RR
0.51, 95% CI: 0.36 to 0.72, P<0.001) than the control groups in the
analysis of all studies, as well as in the subgroup analyses of only
RCTs or only non-RCTs (Figure 2C).

3.4 Meta-regression analysis

To identify the source of variance in main outcomes, we
conducted a series of univariate meta-regressions to examine the
proportion of variance that could be explained by various
individual- or study-level factors(Table S6). The univariable
analyses showed that women with lower basal FSH had more
increase in serum FSH levels (b=-0.94, 95% CI: -1.62 to -0.25,
P=0.014), and women with higher baseline AMH levels had more
increase in serum AMH levels (b=-0.60, 95% CI: -1.15 to -0.06,
P=0.035) after DHEA supplementation. Significantly higher
estradiol (E,) level on the day of hCG administration were found
in population with higher AMH (b=222.35, 95% CI: 30.15 to 414.55,
P=0.027) or AFC level(b=104.08, 95% CI: 2.30 to 205.85, P=0.046).
The type of study design was a key factor of heterogeneity on
stimulation days. Therefore, a subgroup analysis by the type of
study design was conducted, in which including only RCTs, the use
of DHEA also had a significant effect (P<0.001) (Figure S3).
However, no significant effect was observed in subgroup analyses
of only self-controlled (P=0.494) or case—controlled studies
(P=0.960) (Figure S3). The retrieved oocytes were higher in the
relatively younger women (b=-0.21, 95% CI: -0.39 to -0.03,
P=0.023) (Table 1; Figure 6A) and in those studies with relatively
small sample sizes (b=-0.003, 95% CI: -0.006 to -0.0003, P=0.032)

FIGURE 3
Forest plots of ovarian reserve markers. (A) AFC; (B) AMH; (C) FSH
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FIGURE 4

Forest plots of variables during IVF procedure. (A) Total doses of gonadotropin; (B) Days of stimulation; (C) E2 level on
administration; (D) Endometrial thickness.
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(Table 1; Figure 6B). These two variables (baseline age and sample

size) were therefore eligible for inclusion in the multivariable

regression analysis, but they were not significantly associated with
the number of the retrieved oocytes. For other outcomes, no

statistically significant correlations were observed from the meta-

regression analysis.

3.5 Publication bias analysis

Funnel plots and Egger’s test were used to determine the potential

publication bias. Funnel plots for the outcomes of AFC (Ppge.,=0.132),
FSH (Prgee,=0.973), days of stimulation (Pggee=0.084), E; level on the
day of injecting hCG (Pgge.,=0.218), endometrial thickness
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symmetrical, demonstrating the low risk of publication bias (Figure
§3). Funnel plots for the outcomes of AMH (Pfg,,=0.009), total doses
of gonadotropin (Ppge,=0.021), oocytes retrieved (Ppge,=0.002) and

oocytes transferred (Ppgg.,=0.044) were asymmetrical, indicating

publication bias (Figure S2).

4 Discussion

The present meta-analysis had a large sample size. The results
for RCTs demonstrated that DHEA treatment had statistical effect
on serum FSH levels, AFC, total doses of Gn, days of stimulation
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Forest plots of oocytes and embryo yields. (A) Number of oocytes retrieved; (B) Number of embryos transferred.
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TABLE 1 Meta-regression analyses for the number of oocytes retrieved.

Univariable meta-regressions Multivariable meta-regression

Variable
95%(Cl b 95%(Cl

Individual-level

Baseline age, y -0.21 -0.39 to -0.03 0.023 -0.17 -0.35 to 0.001 0.052
Baseline BMI, kg/m2 0.07 -0.24 to 0.38 0.621
Basal FSH, IU/L -0.06 -0.26 to 0.15 0.556
Basal E,, pg/mL -0.002 -0.008 to 0.004 0.424
AMH, ng/mL -0.05 -0.60 to 0.50 0.839
AFC -0.08 -0.35 to 0.19 0.525
Duration of infertility, y 0.30 -0.11 to 0.71 0.140
‘ Study-level
Publication year 0.04 -0.11 to 0.20 0.580
‘ Study design
RCTs 1(Ref.) NA NA
Case-control -0.18 -1.39 to 1.02 0.753
Self-control 0.97 -0.23 to 2.18 0.109
Sample size -0.003 -0.006 to -0.0003 0.032 -0.002 -0.005 to 0.0002 0.071

Area, continent

East Asia 1(Ref)) NA NA
South Asia 1.59 -0.21 to 3.39 0.081
West Asia 0.41 -0.86 to 1.67 0.509
Europe -0.54 -2.05 to 0.97 0.464
Africa 0.16 -2.41 to 2.74 0.897
America -1.40 -3.15t0 0.35 0.111

Duration of DHEA

<3 months 1(Ref.) NA NA
=3 months 0.61 -0.74 to 1.96 0.361
>3 months 0.11 -1.63 to 1.86 0.895

Ref., reference; NA, not applicable.
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FIGURE 6
Association between study’s individual effect sizes for the number of oocytes retrieved and (A) baseline age of women; (B) sample size of trials.
Plotting characters are proportional to the study weight.
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and miscarriage rate, and that the effects of DHEA treatment on
serum AMH level, E, level on the hCG day, endometrial thickness,
number of oocytes retrieved and number of embryos transferred did
not show the significant differences between the groups. Different
populations had potentially different responses to DHEA treatment,
we also conducted meta-regression analyses to detect the sources of
high heterogeneity. Accordingly, DHEA treatment cannot improve
the clinical pregnancy rate and live birth rate. Unlike previous meta-
analysis studies, we also accepted case-controlled and self-
controlled studies, which accounted for a large proportion of total
trials performed. The results of these studies showed that DHEA
treatment had benefits in terms of above outcomes, except for the
total doses of Gn, days of stimulation and endometrial thickness.

The most direct criteria used to assess the effects of DHEA pre-
treatment were clinical pregnancy and live birth rates in ART cycles.
Our data did not show that DHEA supplementation significantly
improved clinical pregnancy rate and live birth rate in patients with
DOR/POR in a subgroup analysis of only RCTs, which is contrary
to the results of most of previous meta-analysis studies (46-50).
This is mainly because of the inclusion of the study reported by
Wang et al. (25) in our meta-analysis, with the largest sample size,
the results of this study therefore had a significant impact on our
pooled effect sizes. This trial demonstrated that there were no
significant differences in clinical pregnancy rate (RR 0.95; 95%CI:
0.67 to 1.35; P= 0.766) and live birth rate (RR 0.98; 95% CI: 0.63 to
1.51; P=0.911) between groups. Despite a significantly high clinical
pregnancy rate in the DHEA treatment groups with low
heterogeneity in non-RCTs (7 case-controlled studies and 7 self-
controlled studies), the results should be interpreted with caution.
On the one hand, such studies are typically thought to have a
performance and detection bias towards more ideal outcomes
because of lack of blinding; on the other hand, in the self-
controlled studies, the effect of DHEA treatment was compared in
the same patients before and after DHEA supplementation, and the
clinical birth rate or live birth rate before DHEA supplementation
were always low or 0%, which may lead to overestimation of the
treatment effect.

Two recently published RCTs were included in our meta-
analysis. One trial was conducted by Elprince et al. (27), which
incorporated 50 women with serum AMH<1.1 ng/mL, serum
FSH>10 mIU/L and <15 mIU/L on day 3 of cycle, and low
AFC<4 on day 3 of cycle. The other trial was conducted by Wang
et al. (25), including 821 women with the Bologna criteria for POR,
which is the largest RCT up to now, and the sample size of which is
comparable to a total of previous trials in evaluating DHEA
pretreatment for POR women undergoing IVF. The results of two
RCT's demonstrated that there were no significant differences in the
number of retrieved oocytes, and the rates of clinical pregnancy, and
the cumulative live births after DHEA treatment. Due to the large
sample size, the inclusion of these two studies greatly increased the
statistical power in our meta-analysis.

In subgroup analyses of only RCTs or only non-RCTs, DHEA
treatment significantly increased the number of AFC and decreased
FSH level, suggesting that the use of DHEA could be an effective
strategy to improve the ovarian reserve in patients with POR/DOR.
There was a significant higher level of the AMH in the analysis of
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non-RCTs, but not in RCTs; the conflicting results were mainly led
by the limitations of small sample sizes of trials. The Gn doses and
the stimulation days were statistically less in the DHEA treatment
groups for RCTs, but not for non-RCTs; the lack of blinding in most
of these studies may induce a possible bias when health care
providers adjusted the dose and stimulation days. As a metabolic
precursor for steroid production, DHEA supplementation might
increase the E, level on the day of hCG administration. Being
consistent with Zhang’s findings (46), the higher peak E2 levels on
the day of hCG administration and similar endometrial thickness
were observed in women with DHEA treatment in the analysis of all
types of studies. It’s worth noting that the E, level on the day of hCG
administration and endometrial thickness may be also affected by
the stimulation protocols and duration of stimulation, which may
lead to a heterogeneous result.

Female age, AMH, AFC, basal FSH and estradiol levels are
factors that predict ovarian reserve and ovarian response (51). We
found that patients with better ovarian reserve could obtain the
greater improvement in ovarian reserve from DHEA
supplementation, as univariate meta-regression results showed
that younger women tend to have more oocytes retrieved; women
with lower basal FSH had more increase in serum FSH level; women
with higher baseline AMH level had more increase in serum AMH
level from DHEA supplementation. Consistent with our results, the
study conducted by Yeung et al. (52) showed that women with
lower FSH may respond to DHEA supplementation better. It has
been well accepted that women are born with all the primordial
follicles and additional primordial follicles cannot be produced.
Women who have less depleted ovarian reserve at the start with
more primordial follicles remained for DHEA to work upon may
respond better. However, further studies are needed to prove this
concept. Too few studies monitored serum concentration of basal
androgen in POR patients before DHEA supplementation. Patients
with low DHEA-S levels, implying adrenal hypoandrogenism, could
benefit more from DHEA supplementation. Chern et al. (44)
showed that PORs with lower DHEA-S concentration had
significantly more retrieved oocytes compared to those with
higher DHEA-S concentration. Gleicher et al. (53) demonstrated
that patients with secondary ovarian insufficiency induced by
adrenal hypoandrogenism dramatically improved in ovarian
function after DHEA supplementation. In view of those limited
studies, the relationship between the basal levels of different forms
of androgens and the effect size of DHEA supplementation would
definitely be worth further exploration.

Univariate analyses also showed that significantly higher E,
level on the day of hCG administration were found in women with
higher AMH or AFC level, which may result in an increase in the
number of follicles in the growing pools that are susceptible to
stimulation and thus secrete more follicular estrogen. The DHEA
treatment groups had significantly higher number of retrieved
oocytes for all types of studies. In the meta-analysis regression,
we found that the number of retrieved oocytes were somewhat
higher in younger women. The results also showed that the source
of heterogeneity for the number of retrieved oocytes was associated
with the sample sizes of trials, as overestimation of the treatment
effect was more likely in trials with relatively small sample sizes.
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Given advances in the techniques of IVF/ICSI through years,
univariate analyses of publication year were performed, which
showed that there was a decrease in the effect of DHEA
supplementation on the clinical pregnancy rate and live birth rate
in more recent studies, but the difference was not statistically
significant (P = 0.074 and 0.062). The reason could be that recent
studies used better stimulation protocols, adopted blastocyst culture
and transfer and randomized a large number of participants, which
may weaken the effect of DHEA supplementation. More recent
studies may better reflect practice nowadays and will be more
applicable to the modern POR population than older publications.

Successful embryo implantation depends on not only high-
quality embryos but also good endometrial receptivity whether for
fresh embryo transfer or FET. To date, there is the limited evidence
to interpret the effect of DHEA on endometrial function. Gibson
et al. (54) performed in vitro experiments and showed that the
addition of DHEA to primary human endometrial stromal
fibroblasts (hESF) derived from women of advanced reproductive
age increased the expressions of those decidualization markers such
as IGFBP1 and PRL, and those endometrial receptivity markers
such as SPP1. Gibson et al. also showed that the simultaneous
addition of the AR antagonist, flutamide, reduced the expressions of
both decidualization and endometrial receptivity markers. Qin et al.
(55) demonstrated that DHEA could increase a receptivity-
associated marker, HOXA10, and reduce production of reactive
oxygen species in murine endometrial stromal fibroblasts via
androgen receptor. Interestingly, treatment with the
supraphysiological level of DHEA is not effective and
decidualization is weakened (56). Additionally, in the mouse
model, androgen deficiency delays embryo implantation, while
excess androgen results in abnormal gene expression at the site of
implantation (57). Therefore, the presence of a biphasic dose-
response suggests that the therapeutic effect of DHEA depends on
the careful dosing. However, more research is needed to investigate
the optimal therapeutic window of DHEA treatment. Clinically,
current studies intended to explore the beneficial effect of DHEA in
oocyte development and/or subsequent embryo quality, which
focused on only fresh ET cycles or the first chronological transfer
cycle, either the fresh ET or FET cycle; its potential role in the
endometrium is not explored well. To the best of our knowledge,
there are no published studies on the separate FET cycles or
subsequent FET cycles derived from DHEA used in stimulated
cycles. It’s expected that an ongoing randomized, controlled trial
(58) to evaluate whether DHEA supplementation during the luteal
phase of the FET cycle improves the live birth rates will give a
definitive answer, as the embryos were generated previously without
DHEA exposure.

Although strong evidence from basic research indicating DHEA
had a potential positive link with folliculogenesis and endometrium
function, when analyzing data from only RCT studies, such a
benefit was not obvious in the present meta-analysis. First, the
POR population tend to have multiple factors associated with
subfertility, influencing the mechanisms of implantation and
subsequent pregnancy establishment. Secondly, there was a wide
inconsistency in the definition of poor responders between studies.
Although the Bologna criteria was proposed to standardize the
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definition of POR, heterogeneity still existed among POR patients
based on Bologna criteria, posing many difficulties and doubts on
treatment. It's known that age is the main predictor for IVF/ICSI
cycle outcome because the older age brings DOR with decreased
oocyte quality. In addition, the reference range for AMH in Bologna
criteria was also broad, resulting in big differences in the initial
ovarian reserve of participants between studies. Therefore, the
POSEIDON criteria (11) was proposed, allowing for stratification
based on the heterogeneous features of POR patients, classifies the
low responder women into four groups according to age, ovarian
reserve, and stimulation response with the aim of determining the
prognosis. To date, there has only one case-controlled study (45)
investigating DHEA pretreatment in women with POR as defined
by the POSEIDON criteria. This study showed women with DHEA
pretreatment had significantly higher numbers of retrieved oocytes,
but not a significant benefit on clinical pregnancy or live birth rates.
Future studies are needed to incorporate factors outside of the
traditional Bologna criteria and possibly take a more nuanced
approach like that of the POSEIDON study to identify the
specific population who will be benefited from DHEA before
further evaluating DHEA as an intervention in standard IVF
practice. Last but not least, it is possible that the duration of
intervention may be insufficient to generate favorable changes in
ovarian response and pregnancy outcomes following IVFE. It has
been suggested that the administration of DHEA for at least 3
months is needed to exhibit the maximum effect, in keeping with
the approximate time interval required for the initiation of follicular
recruitment (59). However, women at an advanced age or with
DOR generally have the limited time left to conceive using
autologous oocytes. They are more likely to indicate a demand
for rapid IVF treatment. For example, the duration of intervention
in the study conducted by Wang and his colleagues was designed as
a flexible period (ranged from 4 to 12 weeks), and as expected, no
more than half of the women were exposed to DHEA for 12 weeks,
which reflects a ‘real life” situation.

The present meta-analysis had a large sample size, and took
different approaches including subgroup and meta-regression
analyses, to explore the effect of DHEA on the ovaries. It also had
several limitations. Firstly, most of the trials had relatively small
sample sizes, which may affect the validity and reliability of our
results. Secondly, combining the results of the studies has been
difficult, in part due to wide variations in the baseline characteristics
of populations, definitions used for DOR and POR, and differences
in DHEA treatment and stimulation protocols between studies.
Finally, most included studies, especially those non-RCTs, are of
low to moderate quality with high risk of bias.

In conclusion, our systematic review of the randomized
controlled studies suggested that DHEA treatment cannot
improve clinical pregnancy rate and live birth rate in patients
with DOR or POR. Based on these data, DHEA adjuvant therapy
could not be recommended in those poor ovarian responders for
improving IVF outcome. However, there were wide variations
between trials. The controversy will also probably continue. It is
required to have further large studies using more explicit selection
criteria for the participants to reduce the heterogeneity so as to
confirm the effects of DHEA treatment.
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