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Introduction
Androgens are involved in endometrial physiology since their 

receptors are present in all endometrial cell types [1]. Effective 
decidualization, a decisive step towards normal uncomplicated 
pregnancy, is controlled by a proper androgenic environment. 
This is guided by endogenous signalling that up- or down-
regulate androgen receptors (AR) [2]. Androgens are abundant 
in the granulosa cells of healthy antral and pre-antral follicles. 
Furthermore, human granulosa cells carry AR and possess 
sulphatise activity that allows them to use dehydroepiandrosterone  

 
sulphate (DHEAS) for testosterone, androstenedione, and oestrogen 
production [3].

In the primate ovary, androgens, especially DHEAS and 
testosterone act as critical regulators of follicular development 
by augmenting the expression of insulin growth factor 1 (IGF1) 
and enhance follicular recruitment by increasing the expression 
of follicle stimulating hormone (FSH) receptors on the granulosa 
cells [4-6]. DHEAS and its inactive form DHEA are produced mostly 
by the adrenal glands and are the most abundant steroids in the 
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plasma, providing large amounts of a substrate which is converted 
to other androgens and oestrogens [3,7,8]. The advantage of DHEAS 
over other androgens is that DHEAS is produced by DHEA only in 
target tissues that provide the necessary enzymatic environment, 
thus eliminating potential side effects from androgen and oestrogen 
action systematically [8].

Several studies have examined the association between 
endogenous DHEAS levels and achievement of pregnancy after 
in-vitro fertilization (IVF), producing conflicting, however, results 
[9-12]. The aim of this systematic review and meta-analysis was 
to answer the following research question: are DHEAS levels at 
initiation of ovarian stimulation different between pregnant and 

non-pregnant women after IVF?

Materials and Methods
Identification Of Literature

A computerized literature search in MEDLINE, CENTRAL and 
randomized controlled trials (RCTs) registries covering the period 
until March 2022 was performed independently by two reviewers 
(V.E.C and E.M.K), aiming to identify all available studies evaluating 
the research question of interest: Are DHEAS levels at initiation of 
ovarian stimulation different between pregnant and non-pregnant 
women after IVF? For this purpose, several keywords were used, 
shown in Supplementary Table 1.

Supplementary Table1: Search strategy used for the identification of eligible studies (these terms were search as “free text terms”).

  Setting  Outcome

(Dehydroepiandrosterone Sulphate) 
OR (DHEAS)] AND

[(IVF) OR (in-vitro fertilization) OR (in vitro fertilization) OR 
(in-vitro fertilisation) OR (in vitro fertilisation) OR (fertiliza-
tion) OR (fertilisation) OR (intracytoplasmic sperm injection) 
OR (intra-cytoplasmic sperm injection) OR (ICSI) OR (micro-

injection) OR (ovarian response) OR (ovarian stimulation) OR 
(controlled ovarian hyperstimulation)]

AND

[(live birth) OR (clinical 
pregnancy) OR (ongoing 
pregnancy) OR (delivery) 

OR (conception)] 

Additionally, the citation lists of all relevant publications and 
review articles were hand-searched. No language limitations 
were applied. Institutional Review Board was not obtained as 
previously published data were used. This study followed the 

PRISMA (Preferred Reporting Items for Systematic reviews and 
Meta-analyses) guidelines [13] (PROSPERO registration number: 
CRD42022315804) (Supplementary Table 2), (Tables 1-4), (Figures 
1-3).

Figure 1:  PRISMA flow diagram detailing selection of studies for inclusion in the systematic review/meta-analysis. 
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Figure 2:  Difference in DHEAS levels at initiation of ovarian stimulation in patients who achieved clinical pregnancy after IVF/ICSI compared 
with those who did not. 

Figure 3:  Difference in DHEAS levels at initiation of ovarian stimulation in patients who achieved clinical pregnancy after IVF/ICSI compared 
with those who did not, performed by subgroup analysis by patient population. 
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Supplementary Table 2: From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. (2021) The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ 372: n71.

Section and Topic Item # Checklist item Location where item is 
reported 

Title 

Title 1 Identify the report as a systematic review. 1

Abstract 

Abstract 2 See the PRISMA 2020 for Abstracts checklist. 2

Introduction 

Rationale 3 Describe the rationale for the review in the context of existing knowledge. 3,4

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review 
addresses. 4

Methods 

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies 
were grouped for the syntheses. 5

Information sources 6
Specify all databases, registers, websites, organisations, reference lists and 

other sources searched or consulted to identify studies. Specify the date when 
each source was last searched or consulted.

5

Search strategy 7 Present the full search strategies for all databases, registers, and websites, 
including any filters and limits used. Supplementary Table 1

Selection process 8

Specify the methods used to decide whether a study met the inclusion criteria 
of the review, including how many reviewers screened each record and each 

report retrieved, whether they worked independently, and if applicable, details 
of automation tools used in the process.

5

Data collection process 9

Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked independent-
ly, any processes for obtaining or confirming data from study investigators, and 

if applicable, details of automation tools used in the process.

6

Data items 10a

List and define all outcomes for which data were sought. Specify whether all 
results that were compatible with each outcome domain in each study were 
sought (e.g., for all measures, time points, analyses), and if not, the methods 

used to decide which results to collect.

6

 10b
List and define all other variables for which data were sought (e.g., participant 
and intervention characteristics, funding sources). Describe any assumptions 

made about any missing or unclear information.
6

Study risk of bias assess-
ment 11

Specify the methods used to assess risk of bias in the included studies, includ-
ing details of the tool(s) used, how many reviewers assessed each study and 
whether they worked independently, and if applicable, details of automation 

tools used in the process.

6

Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean differ-
ence) used in the synthesis or presentation of results. 7

Synthesis methods 13a
Describe the processes used to decide which studies were eligible for each 

synthesis (e.g., tabulating the study intervention characteristics and comparing 
against the planned groups for each synthesis (item #5)).

7

 13b Describe any methods required to prepare the data for presentation or synthe-
sis, such as handling of missing summary statistics, or data conversions. 7

 13c Describe any methods used to tabulate or visually display results of individual 
studies and syntheses. 7

 13d

Describe any methods used to synthesize results and provide a rationale 
for the choice(s). If meta-analysis was performed, describe the model(s), 

method(s) to identify the presence and extent of statistical heterogeneity, and 
software package(s) used.

7

 13e Describe any methods used to explore possible causes of heterogeneity among 
study results (e.g., subgroup analysis, meta-regression). 6,7

 13f Describe any sensitivity analyses conducted to assess robustness of the synthe-
sized results. N/A



American Journal of Biomedical Science & Research

Am J Biomed Sci & Res                                     Copy@ Viktoria Christoforaki 

89

Reporting bias assess-
ment 14 Describe any methods used to assess risk of bias due to missing results in a 

synthesis (arising from reporting biases). N/A

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome. 7

Results 

Study selection 16a
Describe the results of the search and selection process, from the number 
of records identified in the search to the number of studies included in the 

review, ideally using a flow diagram.
Figure 1

 16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded. 8

Study characteristics 17 Cite each included study and present its characteristics. 8, Tables 1, 2

Risk of bias in studies 18 Present assessments of risk of bias for each included study. 8, Supplementary Table 
3

Results of individual 
studies 19

For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimates and its precision (e.g., confi-

dence/credible interval), ideally using structured tables or plots.
10,11, Figures 2-3

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias 
among contributing studies. 8,9

 20b

Present results of all statistical syntheses conducted. If meta-analysis was 
done, present for each the summary estimate and its precision (e.g., confi-

dence/credible interval) and measures of statistical heterogeneity. If compar-
ing groups, describe the direction of the effect.

10,11

 20c Present results of all investigations of possible causes of heterogeneity among 
study results. 10,11

 20d Present results of all sensitivity analyses conducted to assess the robustness of 
the synthesized results. N/A

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from report-
ing biases) for each synthesis assessed. N/A

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for 
each outcome assessed. 10,11

Discussion 

Discussion 23a Provide a general interpretation of the results in the context of other evidence. 12,13

 23b Discuss any limitations of the evidence included in the review. 13

 23c Discuss any limitations of the review processes used. 13

 23d Discuss implications of the results for practice, policy, and future research. 12,13

Other Information

Registration and protocol 24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered. 5

 24b Indicate where the review protocol can be accessed, or state that a protocol 
was not prepared. 5

 24c Describe and explain any amendments to information provided at registration 
or in the protocol. N/A

Support 25 Describe sources of financial or non-financial support for the review, and the 
role of the funders or sponsors in the review. 13

Competing interests 26 Declare any competing interests of review authors. 13

Availability of data, code, 
and other materials 27

Report which of the following are publicly available and where they can be 
found template data collection forms; data extracted from included studies; 

data used for all analyses; analytic code; any other materials used in the 
review.

14,15,16



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copy@ Viktoria Christoforaki 

90

Table 1: Characteristics of eligible studies evaluating the probability of pregnancy after IVF/ICSI in patients with high or low DHEAS levels at initiation 
of stimulation (A).

Study/
country 

of origin/
Journal or 

meeting

Study 
period

Study 
type/n 
centres

Num-
ber of 

pa-
tients

Preg-
nancy 

outcomes 
evaluated

Inclusion criteria

Population 
studied/
DHEAS 

threshold 
used

Time of 
andro-

gens 
assess-
ment

Finan-
cial 
Sup-
port 

by 
Indus-

try

Frattarelli , 
et al.,2004/

USA/Fer-
tility and 
Sterility

1/ 2001-
12/2001

Retro-
spective/

Single 
centre

43

Clinical 
pregnancy 

(unde-
fined)

age: 19-42 years, FSH <12mIU/mL

Women with 
FSH <12mIU/

mL/not re-
ported

Cycle day 
3 within 

three 
months of 
initiation 

of IVF 
cycle

Not 
report-

ed

Alebic, et 
al., 2013/

Croatia/In-
ternational 
Journal of 

Endocrinol-
ogy

Not re-
ported

Retro-
spective/

Single 
centre

129

Clinical 
pregnancy 

(cardiac 
activity 

~28 days 
after OPU)

Null gravidity, normal uterus, and uterine 
cavity, no hx of pelvic disease or surgery, no 
hx of use of medications that could interfere 

with basal hormone status, sperm count of at 
least 1x106mL, serum AMH concentrations 

<6.5pmol/L

Expected poor 
respond-

ers/5.7μmol/L

Previous 
cycle day 

3-5

Not 
report-

ed

Alebic, et al., 
2014/Croa-
tia/Reprod 

Biomed 
Online

10/2010-
01-07-
2012

Retro-
spective/

Single 
centre

90

Positive 
HCG, 

clinical 
pregnancy 

(FH at 
6weeks), 
live birth

Age £ 37 years, null gravidity, normal uterus 
and uterine cavity, no hx of pelvic disease 

or surgery, no use of medications that could 
interfere with basal hormonal status, sperm 

count of at least 1x106/ml, first IVF/ICSI 
cycle, AMH <6,5pmol/l, HMG: fixed 300IU

Expected poor 
respond-

ers/5.4mmol/l

Previous 
cycle day 

3-5

Not 
report-

ed

Note*: IVF: In-vitro fertilization, ICSI: intra-cytoplasmic sperm injection, SEI: successful embryo implantation, FEI: failed embryo implantation, OPU: 
oocyte pick-up, Hx: history, FH: fetal heart, PCOS: polycystic cystic ovarian syndrome, HCG: human chorionic gonadotropin, DHEAS: dehydroepi-
androsterone sulphate.

Table 2: Characteristics of eligible studies evaluating the probability of pregnancy after IVF/ICSI in patients with high or low DHEAS levels at initiation 
of stimulation (B).

Study/coun-
try of origin, 
journal, or 

meeting

Stim-
ula-
tion 
pro-
tocol

GnRH-ana-
logue used/ 

dose

GnRH-an-
alogue 

protocol

Gonado-
trophin 

type/
starting 

dose

Signal for 
triggering 

final oocyte 
maturation/

Dose

Criteria for 
trigger-
ing final 
oocyte 

maturation

Timing 
of OPU

Fertil-
ization

ET policy 
Amount of 
embryos/

Stage of de-
velopment

Luteal 
phase 

support

Frattarelli, et 
al., 2004, USA, 
Fertility and 

Sterility

OCP-
GnRH 
Ago-
nist

Not reported/
Not reported Long luteal

Not report-
ed/Not 

reported

Not report-
ed/Not 

reported

Not report-
ed

Not re-
ported IVF

Not report-
ed/Not 

reported

Not report-
ed

Alebic, et al., 
2013, Croatia, 
International 

Journal of Endo-
crinology

OCP-
GnRH 

An-
tago-
nist

Cetrot-
ide/0.25mg 
s.c. per day

Fixed hMG/300 
IU

HCG/10.000 
IU

≥1 follicle of 
>17mm

36 h 
after 

trigger-
ing

IVF/
ICSI ≤3/ Day 2−3   

Proges-
terone 

vaginally. 
1500 IU 

HCG

Alebic, et al., 
2014, Reprod 

Biomed Online

GnRH 
An-

tago-
nist

Cetrot-
ide/0.25mg 
s.c. per day

Flexible hMG/300 
IU

HCG/10.000 
IU

≥1follicle of 
>17mm

35-36 
h after 

trigger-
ing

IVF/
ICSI

01-03-2022/
Day 2-3

Proges-
terone, 

vaginally, 
1500 IU 

HCG

Note*: ET: embryo transfer, OCP: oral contraceptives, OPU: oocyte pick-up, GnRH: Gonadotrophin releasing hormone, hMG: human chorionic 
gonadotrophin, rFSH: recombinant Follicle stimulating Hormone (FSH), IVF: in-vitro fertilization, ICSI: intracytoplasmic sperm injection SC: 
subcutaneous; IM: intramuscular.
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Table 3: Characteristics of eligible studies evaluating the difference in DHEAS levels at initiation of ovarian stimulation in patients who achieved 
pregnancy or not after IVF/ICSI (A).

Study/
country 

of origin/
journal or 
meeting

Study 
period

Study 
type/n 
centres

Number 
of pa-
tients

Preg-
nancy 

outcomes 
evaluated

Inclusion
Popu-
lation 

studied

Time of andro-
gen assessment

Finan-
cial 
Sup-

port by 
Indus-

try

Check, et al., 
1995/USA/

Gynaecology 
Endocrinol-

ogy

Not re-
ported

Unclear/
Single 
centre

46

Clinical 
pregnancy 
(presence 
of gesta-

tional sac)

Women registering for the 1st IVF cycle, 
no PCOS

Women 
with no 

PCOS

Pre-stimulation, 
10 days after 
GnRH agonist 

treatment, 
starting on cycle 

day 21

Not re-
ported

Zollner, et 
al., 2001/
Germany/

Arch. Gyne-
col. Obstet

Not re-
ported

Retro-
spec-
tive/

Single 
centre

71

Clinical 
pregnancy 
(presence 
of gesta-

tional sac)

Women without known endocrinopathies 
(PCOS, amenorrhea, pituitar adenoma)

Women 
with no 

PCOS

Previous cycle, 
days 4-9

Not re-
ported

Frattarelli, 
et al., 2006/

USA/Fer-
tility and 
Sterility

5/2002-
5/ 2004

Prospec-
tive/

Single 
centre

109

Clinical 
pregnancy 

(cardiac 
activity at 
6 weeks)

Age 19-42, FSH<12mIU/mL
General 
popula-

tion
Cycle day 3 Not re-

ported

Rashidi, et 
al., 2009/
Iran/Gy-

naecology 
Endocrino-

logy

9/2006-
8/2007

Prospec-
tive/

Single 
centre

53
Clinical 

pregnancy 
(6 weeks)

Age: 20-40 years, FSH<12mIU/ml, normal 
prolactin, no hx of chronic and infectious 

diseases

General 
popula-

tion

Pre-stimulation, 
day 3 of menstru-
ation, after GnRH 

agonist treat-
ment starting on 

cycle day 21

Not re-
ported

Alebic, et 
al., 2013/

Croatia/In-
ternational 
Journal of 

Endocrinol-
ogy

Not re-
ported

Retro-
spec-
tive/

Single 
centre

129

Clinical 
pregnancy 

(cardiac 
activity 

~28 days 
after OPU)

Null gravidity, normal uterus and uterine 
cavity, no hx of pelvic disease or surgery, 
no hx of use of medications that could in-
terfere with basal hormone status, sperm 
count of at least 1x106 mL, serum AMH 

concentrations <6.5pmol/L

Expect-
ed poor 

respond-
ers

Previous cycle 
days 3-5

Not re-
ported

Guo, et 
al., 2014/
China/Re-
productive 

Biomedicine 
Online

3/2011 
–3/2013

Retro-
spec-
tive/

Single 
centre

207

Clinical 
pregnancy 
(presence 
of gesta-

tional sac)

1st IVF cycle, age £35, no androgen sup-
plementation, no anatomical abnormali-

ties, no endocrine disorders, no PCOS

Women 
with no 

PCOS

Previous cycle 
day 3

No fi-
nancial 
support

Guo, et 
al., 2016/
China/Re-

production, 
Fertility and 

Develop-
ment

3/2010-
8/2012

Retro-
spec-
tive/

single 
centre

1665

Clinical 
pregnancy 

(FH at 6 
weeks)

1st IVF cycle, age: 20-40 years, FSH: 3-12 
IU/L, LH> 1 IU/L, AFC>5 follicles, regular 
menstrual cycles, no smoking, no endo-
crine disorders, no PCOS, no anatomical 

abnormalities

Women 
with no 

PCOS

Cycle day 3 
within 3 months 
before the treat-

ment cycle

Not re-
ported

Note*: IVF: In-Vitro fertilization, ICSI: intra-cytoplasmic sperm injection Hx: history, OPU: oocyte pick-up, Hx: history, FH: fetal heart, PCOS: polycystic 
cystic ovarian syndrome, HCG: human chorionic gonadotropin, DHEAS: dehydroepiandrosterone sulphate.
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Table 4. Characteristics of eligible studies evaluating the difference in DHEAS levels at initiation of ovarian stimulation in patients who achieved 
pregnancy or not after IVF/ICSI (B).

Study/coun-
try of origin/

journal or 
meeting

GnRH-ana-
logue used/

dose

GnRH-ana-
logue protocol

Gonadotro-
phin type/

starting 
dose

Signal for 
triggering 

final oocyte 
maturation/

Dose

Criteria 
for trig-

gering fi-
nal oocyte 

matura-
tion

OPU Fertiliza-
tion

ET policy 
Number of 
embryos/

Stage of 
develop-

ment

Luteal 
phase 

support

Check, et al., 
1995/USA/

Gynaecology 
Endocrinol-

ogy

Leuprolide 
acetate/ 1mg 

per day

GnRH agonist 
long luteal hMG/300IU HCG /10.000 

IU

2 follicles 
≥20mm 

and 
E2>800pg/

ml

36 h 
after 
trig-

gering

IVF Not report-
ed/Day 2

Not report-
ed

Zollner et 
al., 2001/
Germany/ 

Arch. Gynecol. 
Obstet

Triptore-
lin/3.75mg 

depot

GnRH agonist 
long luteal

hMG/Not 
reported HCG /10.000IU ≥1 follicle 

≥18mm

34-36 
h after 

trig-
gering

IVF ≤3/ Day 2
Proges-
terone 

vaginally

Frattarelli 
et al., 2006/

USA/Fertility 
and Sterility

Leuprolide 
acetate/1mg per 

day

GnRH agonist 
long luteal, mi-
cro-dose flare

hMG/300 IU HCG/Not 
reported

2 follicles 
≥17 mm 

or a cohort 
of follicles 
15–16 mm

36 h 
after 
trig-

gering

IVF/ICSI Not report-
ed/Day 2-3

Progester-
one i.m. or 
vaginally

Rashidi et al., 
2009/Iran/

Gynaecology 
Endocrino-

logy

Busereline/500 
μg per day

GnRH agonist 
long luteal

rFSH /150-
225 IU HCG/10.000 IU ≥3 follicles 

≥17 mm

36-38 
h after 

trig-
gering

IVF/ICSI
Not report-

ed/Not 
reported

Proges-
terone 

vaginally

Alebic et al., 
2013/Croa-
tia/Interna-

tional Journal 
of Endocrinol-

ogy

Cetrotide/0.25 
mg per day

GnRH antago-
nist fixed hMG/300 IU HCG/10.000 IU ≥1 follicle 

of >17 mm

36h 
after 
trig-

gering

IVF/ICSI ≤3 /∆αψ 
2−3 

Progester-
one vaginal-
ly, 1500 IU 

HCG

Guo et al., 
2014/China/
Reproductive 
Biomedicine 

Online

Triptorelin/1.25 
mg depot or 
0.85 mg/am-
poule, 0.1 mg 
or 0.05 mg/

ampoule

GnRH agonist 
long luteal

rFSH/Not 
reported

HCG/Not 
reported

≥1 follicle 
of >18 mm

36-
38h 
after 
trig-

gering

IVF/ICSI
02-03-

2022/Day 
2-3

Progester-
one i.m

Kunichi et al., 
2015/Poland/

PLOS ONE

Triptorelin/Not 
reported

GnRH agonist 
long luteal

hMG/Not 
reported HCG/5.000 IU ≥3 follicles 

≥17 mm

36 h 
after 
trig-

gering

ICSI /Day 5

Natural 
micronized 
progester-

one,micron-
ized 17 beta 
oestradiol

Guo et al., 
2016/China/
Reproduction, 
Fertility and 

Development

Triptore-
lin/1.25mg 

depot or 0.1 mg 
per day

GnRH agonist 
long luteal

rFSH or 
rFSH+hMG/
Not reported

HCG/10.000 IU ≥1 follicle 
≥18 mm

36-38 
h after 

trig-
gering

IVF/ICSI
02-03-

2022/Day 
2-3

Progester-
one i.m.

Selection Of Studies

Criteria for inclusion/exclusion of studies were established 
prior to literature search. Eligible studies for inclusion in the 
current systematic review and meta-analysis were prospective 
or retrospective studies that had assessed serum DHEAS levels at 
initiation of ovarian stimulation in women subjected to IVF by either 
conventional insemination or intracytoplasmic sperm injection 
(ICSI). Ovarian stimulation for multi-follicular development should 
have been performed using gonadotrophin releasing hormone 

(GnRH) analogues and gonadotrophins. Selection of studies was 
performed independently by two of the reviewers (V.E.C and E.M.K) 
and any disagreement was resolved by discussion.

Data Extraction

Data extraction was performed independently by two of the 
authors (V.E.C and E.M.K). The following data were extracted from 
each of the eligible studies: demographic (year of publication, 
country, study period, number of patients included), methodological 
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(type of study), procedural [whether financial support was declared, 
type of GnRH analogue and protocol used for luteinizing hormone 
(LH) surge inhibition, type and starting dose of gonadotrophin 
administered for ovarian stimulation, type and dose of medication 
used for triggering final oocyte maturation, criteria used for 
triggering final oocyte maturation, type of fertilization, day of 
embryo transfer, type of luteal support, endometrial preparation]. 
Any disagreement between the two authors responsible for data 
extraction was resolved by discussion. In case of missing data or 
ambiguities in study design or trial conduction, the study authors 
were contacted by e-mail to request additional information. 

Primary outcome was the difference in DHEAS levels at initiation of 
ovarian stimulation between pregnant and non-pregnant women 
after IVF.

Risk Of Bias and Study Quality Assessment

The quality of the eligible studies was assessed with the use 
of the Newcastle-Ottawa quality assessment scale (NOS) [14] 
adapted for the specific research questions allowing up to 9 stars 
(Supplementary Table 3). Two of the authors (V.E.C and E.M.K) 
independently evaluated the overall quality of the evidence. Any 
disagreement was resolved by discussion.

Supplementary Table 3: Quality assessment using the Newcastle-Ottawa Scale for non-randomized studies.ssss

Study Selection Comparability Outcome Quality score

Check, et al., [9] *** * *** Good quality

Zollner, et al., [10] *** * *** Good quality

Alebic, et al., [11] ***  * *** Good quality

Guo, et al., [12] *** * *** Good quality

Frattarelli, et al.,[24] **** *** Poor quality

Rashidi, et al.,[25] **** * **** Good quality

Kunichi, et al., [26] *** * *** Good quality

Guo, et al., [27] ***  *** Poor quality

Subgroup Analysis

The influence of population type (general population, 
expected poor responders, women without PCOS) was explored by 
performing subgroup analysis.

Statistical Analysis 

Pooling of data was performed using the inverse variance 
method Hedges, et al., in the case of fixed effects model, and the 
DerSimonian and Laird method [15], in the case of the random effects 
model. When the outcome of interest was of a continuous nature, 
the differences were pooled across the studies which provided 
information on this outcome, resulting in a standardized mean 
difference (SMD) with 95% confidence interval (CI). Study-to-study 
variation was assessed by using the Chi2 statistic (the hypothesis 
tested was that the studies are all drawn from the same population, 
i.e., from a population with the same effect size). In addition, the use 
of the I2 statistic was employed to indicate heterogeneity between 
studies that could not be attributed to chance, with I2 ≥40% 
indicating significant heterogeneity [16]. A fixed effects model was 
used, where no heterogeneity was present, while in the presence 
of significant heterogeneity, a random effects model was applied. 
The presence of publication bias was tested by using the Harbord-
Egger’s test [17]. Statistical significance was set at a p-level of 0.05. 
Meta-analysis of weighted average effect sizes was performed using 
STATA v14.0 (Stata Corp. 2015. Stata Statistical Software: Release 
14. College Station, TX: Stata Corp LP).

Results
Identification of Literature 

Literature search yielded 249 studies, the screening of which 
by study title resulted in 25 potentially eligible publications. Twelve 
out of these 25 studies were excluded after reading their abstracts, 
while the remaining 13 studies were further evaluated by retrieving 
their full text. Six out of these 13 studies were excluded since they 
did not provide data to answer the research question [18-23]. After 
hand search of the citation lists of all relevant publications and 
review articles, one additional study was found to provide data that 
answered the research question [24]. Eight studies were eligible 
for the systematic review (2747 patients) [9-12,24-27], assessing 
the difference in DHEAS levels between pregnant and non-pregnant 
women after IVF. A PRISMA flow diagram detailing selection of 
studies for inclusion is presented in Figure 1.

Systematic Review

Eight studies (two prospective, five retrospective and one of 
unclear design) published between 1995 and 2016 were eligible 
for the systematic review, including a total of 2747 patients. 
Characteristics of the studies included in the systematic review are 
presented in Tables 1-2. Most of the studies were of “good quality” 
as assessed by NOS Supplementary Table 2. Number of included 
patients ranged from 46 to 1665 (median=120). Three studies 
were conducted in Asia (n=1925), three studies in Europe (n=659) 
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and two studies in the USA (n=163). Five studies provided data 
regarding the research question in women without PCOS (n=2448), 
two studies in the general population [where normal, high (women 
with PCOS) and poor responders were included] (n=170) and one 
study in expected poor responders (n=129).

As shown in Table 1, all studies provided data for clinical 
pregnancy, defined as the presence of intrauterine sac at 6-8 
weeks gestation. Power analysis was performed in one of the two 
prospective studies.

As shown in Table 2, to inhibit premature LH surge, GnRH 
agonists were used in seven out of the eight studies, and GnRH 
antagonists were used in the remaining study. Ovarian stimulation 
was performed with human menopausal gonadotrophins (hMG) in 
five studies, with the use of recombinant FSH (rFSH) in two studies 
and with either rFSH or rFSH and hMG in a single study. Human 
chorionic gonadotrophin (hCG) was used to trigger final oocyte 
maturation in all studies Table 2. Oocyte retrieval was performed 
34-38h after hCG administration in all studies.

Conventional insemination was performed in two studies, ICSI 
in one study and either conventional insemination or ICSI in five 
studies. Embryo transfer was performed either at the cleavage 

stage (six studies), on days 3-5 of embryo culture (single study), or 
this information was unclear (single study).

Luteal phase was supported with vaginal progesterone in 
four studies, with intramuscular progesterone in two studies and 
either with intramuscular or vaginal progesterone in the remaining 
study. In addition to progesterone, estrogens or hCG were added in 
a single study. No information was present regarding luteal phase 
supplementation in a single study Table 2.

Meta-Analysis 

Seven out of the eight studies included in the systematic review, 
assessing the difference in DHEAS levels at initiation of ovarian 
stimulation between pregnant and non-pregnant women after IVF 
provided data to answer the research question and were included 
in the meta-analysis. Harbord-Egger’s test was not performed due 
to the low number of studies in the groups evaluated [16].

Main Analysis

No significant difference in DHEAS levels at initiation of ovarian 
stimulation was observed between pregnant and non-pregnant 
women after IVF (SMD: +0.02, 95% CI: -0.27 to +0.31, p=0.88, seven 
studies, 2630 patients) (Figure 2) [9-11,25-27].

Subgroup Analysis According to The Type of Population
Expected Poor Responders
Supplementary Table 4: Association between dehydroepiandrosterone sulphate (DHEAS) levels at initiation of ovarian stimulation and the achieve-
ment of pregnancy (clinical pregnancy) in patients undergoing IVF/ICSI stratified by type of population.

Expected Poor Responders

Pregnant vs non-pregnant patients, SMD (95%CI) +0.87 (+0.32 to +1.41)

Women without PCOS

Pregnant vs non-pregnant patients, SMD (95%CI) -0.15 (-0.47 to +0.16)

General Population

Pregnant vs non-pregnant patients, SMD (95%CI) +0.37 (-0.25 to +0.99)

Note*: Results are presented as SMD (95% confidence interval) for the eligible studies assessing the difference in DHEAS levels at initiation of ovar-
ian stimulation between patients who achieved or not pregnancy (clinical pregnancy) after IVF. Cells in bold indicate statistical significance while cells 
are left blank where no relevant information s present.

Significantly higher DHEAS levels at initiation of ovarian 
stimulation were observed in women who achieved clinical 
pregnancy compared with those who did not after IVF (SMD: +0.87, 
95% CI: +0.32 to +1.41, p=0.002, single study, 129 patients) [11] 
(Supplementary Table 4).

Although no significant difference was observed in body mass 
index (BMI) in women who achieved clinical pregnancy compared 
with those who did not, this was not the case regarding age which 
showed that women who achieved clinical pregnancy after IVF/
ICSI were significantly younger compared with those who did not 
(Supplementary Table 5) [11].
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Supplementary Table 5: Difference in female age or BMI between patients who achieved or not pregnancy after IVF.

AGE (years) WMD (95%CI)

Expected poor responders -2.30 (-4.24 to -0.36) 1 study, n=129

Women without PCOS -1.78 (-4.00 to +0.45) 3 studies, n=712

BMI (kg/m2) WMD (95%CI)

Expected poor responders -0.50 (-1.74 to +0.74) 1 study, n=129

Women without PCOS -0.37 (-1.03 to +0.30) 2 studies, n=666

Note*: Results are presented as WHD (95% confidence interval). Cells in bold indicate statistical significance while cells are left blank where no 
relevant information is present.

Women Without PCOS

No significant difference in DHEAS levels at initiation of ovarian 
stimulation was observed between pregnant and non-pregnant 
women after IVF (SMD: -0.15, 95% CI: -0.47 to +0.16, p=0.35, 
five studies, 2448 patients) Supplementary Table 4 & Figure 3 
[9,10,12,26,27]. In these studies, no significant difference was 
observed in age or BMI between women between pregnant and 
non-pregnant women after IVF Supplementary Table 4.

General Population

No significant difference in DHEAS levels at initiation of ovarian 
stimulation was observed between pregnant and non-pregnant 
women after IVF (SMD: +0.37, 95% CI: -0.25 to +0.99, p=0.25, single 
study, 53 patients) Supplementary Table 4 & Figure 3 [28].

Discussion
This systematic review and meta-analysis, including eight 

eligible studies and 2747 women, showed that similar DHEAS 
levels are present at initiation of ovarian stimulation between 
women who achieve or not clinical pregnancy after IVF. This is 
true both for women without PCOS as well as for women in the 
general population. However, there is weak evidence to suggest 
that higher DHEAS levels at initiation of ovarian stimulation 
are present in poor responders who achieve clinical pregnancy 
compared with those who did not. The underlying mechanism 
regarding the increased DHEAS levels at initiation of ovarian 
stimulation observed in expected poor responders who achieved 
clinical pregnancy compared to those who did not remains unclear. 
It should be, however, taken into consideration that women who 
achieved clinical pregnancy were significantly younger compared 
with those who did not. It is well known that DHEAS levels decrease 
profoundly with age [29,30], which is negatively associated with the 
achievement of pregnancy [31,32]. Thus, it could be argued that the 
positive association between DHEAS levels at initiation of ovarian 
stimulation and the achievement of pregnancy might be explained 
by female age, although this requires further investigation.

It has been shown that DHEAS levels play an important role 

in folliculogenesis and follicular development, by stimulating the 
initiation of primordial follicles and enhancing the development of 
pre-antral and early antral follicles [33]. Furthermore, in studies 
performed in rats with diminished ovarian reserve, levels of atresia 
were reduced after DHEAS treatment [34]. In addition, a positive 
correlation between DHEAS levels in the follicular fluid and clinical 
pregnancy as well as live birth rates has been reported in non-
PCOS women [35]. On the other hand, DHEAS supplementation 
prior to IVF in poor responders has been associated with improved 
aneuploidy rates [36], whereas no significant difference was 
observed in the number of oocytes retrieved, clinical pregnancy 
and live birth rates compared to no treatment [37,38]. Even though 
most of the studies included in the current systematic review and 
meta-analysis where of good quality, as assessed by the relevant 
quality tools, most of these studies were of retrospective nature 
with considerable heterogeneity regarding patient population and 
type of ovarian stimulation protocol used. Furthermore, although 
a lack of difference in the comparisons performed may represent a 
true lack of difference, it may also reflect a type b error due to the 
insufficient number of patients included in the eligible studies. 

Conclusion
In conclusion, the present systematic review and meta-analysis 

showed similar DHEAS levels at initiation of ovarian stimulation 
between women who achieved pregnancy after IVF/ICSI compared 
with those who did not. This is true both for women without PCOS 
as well as for women in the general population. However, there is 
weak evidence to suggest that higher DHEAS levels at initiation of 
ovarian stimulation are present in poor responders who achieve 
clinical pregnancy compared with those who did not. If this finding 
is confirmed in future studies, it highlights the importance of taking 
into consideration DHEAS levels at initiation of ovarian stimulation 
in expected poor responders in case DHEA administration is 
proposed, since a differential effect of DHEA, depending on DHEAS 
levels might be present.
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