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Key Message
 Live birth rate improves after Dehydroepiandrosterone pre-treat-
ment in patients with diminished ovarian reserve both for timed in-
tercourse and IVF procedure, but IVF gives better results in elderly 
women.

Abbreviations
DHEA: Dehydroepiandrosterone
DOR: Diminished Ovarian Reserve
TI: Timed Intercourse
CC: Clomiphene Citrate
Gn: Gonadotrophin
CP: Clinical Pregnancy
LB: Live Birth
AFC: Antral Follicular Count
TVS: Transvaginal Ultrasonography
GCs: Granulosa Cells
OI: Ovulation Induction
PR: Pregnancy Rate
ORT: Ovarian Reserve Test
FET: Frozen Embryo transfer
IM: Intramuscular
SC: Subcutaneous
COS: Controlled Ovarian Stimulation
OPU: Ovum Pick Up
LBR: Live Birth Rate
CPR: Clinical Pregnancy Rate
FOR: Functional Ovarian Reserve
TOR: Total Ovarian Reserve

Introduction
 In recent years, women delay their first conception till later years 
of reproduction. This may be due to building up of career in woman, 
late marriages, increased divorce, re-marriage, or some allied reasons. 
The advanced reproductive age is associated with reduction in fertil-
ity potential, due to decrease in follicular pool size with aging and 
also chromosomal aneuploidy in gametes. Decline in fertility acceler-
ates after the age of 35 years which is called ovarian aging [1]. ORT 
consists of many investigations of which three are most important 
- Serum Follicular Stimulating Hormone (FSH) and Antral Follicular 
Count (AFC) in early follicular phase on day 2 or day 3 of period, or 
estimation of Serum Anti-Mullerian Hormone (AMH). The latter has 
been considered to be fairly constant parameter without inter cycle 
variability. It can be compared with AFC performed by Transvagi-
nal Ultrasonography (TVS), which require expertise. Hence globally, 
AMH estimation is emerging as very important parameter to check 
ovarian reserve. AMH, a glycoprotein, belonging to transforming 
growth factor family [2], is produced by the Granulosa Cells (GCs) 
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Abstract
Objective: Dehydroepiandrosterone (DHEA) has been proposed to 
improve ovulatory response in patients with Diminished Ovarian Re-
serve (DOR). The study was undertaken to find validity of the above 
fact, both for Timed Intercourse (TI) following OI and in IVF proce-
dure.

Methods: 596 women aged between 25 and 42 years with DOR 
were detected by Ovarian Reserve Test (ORT). 551 of them were 
subjected to DHEA pre-treatment for 90 days followed by OI with 
Clomiphene Citrate (CC) and Gonadotrophin (Gn). 223 patients with 
DOR were subjected to IVF program. 186 of them received DHEA 
pre-treatment and 37 of them did not accept it. The analysis was 
performed using the statistical software R.

Result: Clinical Pregnancy (CP) and Live Birth (LB) following IVF 
(33.3% & 25.7% respectively) is almost 3 times more than TI group 
(12.8% & 9% respectively), when all groups are taken together. 
However, in cases of advancing age, chance of getting TI pregnancy 
was much less than IVF pregnancy, as found from Odds Ratio (OR).

Conclusion: DHEA is found to be effective in achieving sponta-
neous or IVF pregnancy in patients with poor ovarian reserve. IVF 
offers more live births in elderly women.

Keywords: DHEA; Diminished ovarian reserve; IVF; Live birth rate; 
Poor response; Timed intercourse
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of primary, pre-antral and small antral follicles in the ovary and then 
secreted in blood, exerting inhibitory effects on the recruitment of 
primordial follicles and response of growing follicles to FSH [3]. So 
far it is believed that decline in ovarian reserve is an irreversible pro-
cess associated with reduction in fertility potential and increase in the 
risk of miscarriage. Recent researchers have found that androgens can 
rejuvenate the ovaries with better response, even in advanced age [4].

 DHEA is one such molecule used in anti-aging treatment, has also 
proved to be beneficial to ovarian function. DHEA works in initial 
60 days of folliculogenesis, starting from antral follicles which are 
non-responsive to Ovulation-Inducing (OI) agents. Although the 
mechanism of such benefits is not clearly understood till date, its 
promising pro-fertility action has been noted to improve both spon-
taneous and IVF Pregnancy Rates (PRs) clinically, in women having 
DOR [5]. Casson et al., [6] was the first to suggest that DHEA supple-
mentation might improve some aspects of female ovarian functions, 
having DOR. The main idea came from a woman of advanced repro-
ductive age, who underwent remarkable gains in her ovarian func-
tion, due to the effect of Insulin-like Growth Factor (IGF-1), after 
self-medication with DHEA [7]. It has also been observed that in IVF 
performed in patients with DOR, supplementation of DHEA improves 
response to ovarian stimulation with Gns, resulting in the increase of 
oocyte yield and embryo numbers [7,8]. The effect of DHEA picks 
at 3-4 months of treatment, a time span similar to complete follicular 
recruitment cycle, and this showed increase in follicular recruitment 
due to suppression of apoptosis [8,9]. Approximately 80% of sponta-
neous pregnancy losses result from chromosomal abnormalities [10], 
where aneuploidy elevates the rate of miscarriage [11,12]. Supple-
mentation of DHEA reduces aneuploidy and miscarriage, thereby in-
creasing the chances of LB in patients with DOR [13].

 The primary end point of the study was to compare the CP and 
Live Birth Rate (LBR) between DHEA pre-treated and non-treated 
patients, after OI and after IVF treatment. The secondary end points 
were miscarriage rates, age-related PR and comparison between the 
success rates of IVF and conceiving spontaneously with OI at TI.

Materials and Methods
Selection of patients

 The patients with DOR who never had DHEA treatment before 
aged between 25-42 years were included in the study.

Inclusion criteria

• Age between 25 years to 42 years of age with poor ovarian reserve 
with regular cycles

• FSH value >12 mIU/ml, AMH value <1.8 ng/ml and AFC <5

• Subjected to TI initially for 3 cycles only after OI or single attempt 
of IVF with COS and antagonist protocol

Exclusion criteria

• Irregular period or secondary amenorrhea

• Normal FSH and normal AMH value, AFC >5 and with any other 
endocrine defect like hypothyroidism and hyperprolactinemia

 Poor Ovarian Response (POR) can be obtained mostly in stimu-
lated cycle like IVF irrespective of ovarian reserve. POR requires at 
least one cycle of stimulation to detect it and may not recur in next  

cycle. It is commonly observed in advanced maternal age, abnormal 
ovarian reserve test and in cases of previous POR [14,15]. In this case 
patients with DOR were only included in the study. DOR is com-
monly observed in women withany of the risk factors for POR and/or 
an abnormal ovarian reserve test (i.e., Antral Follicular Count (AFC) 
<5-7 follicles or AMH <0.5-1.1 ng/ml). But the hypothesis requires 
validation [16].

Study Design
 Between June 2014 and June 2017, 596 patients between 25 years 
to 42 years of age with diminished ovarian reserves, attending Calcut-
ta Fertility Mission were selected for the study. These women desired 
to have spontaneous conception attempts by TI. They were offered 
DHEA pre-treatment for 90 days before OI with daily 75 mg single 
dose orally. 551 of them accepted the pre-treatment and 45 of them 
did not agree for various reasons. ORT with those three parameters 
was performed initially in women more than 35 years of age and 
who could not produce at least 2 follicles with CC stimulation in the 
younger group women.

Sample size

 During the same period, 223 patients with DOR with similar in-
clusion criteria selected for IVF procedure. They were offered DHEA 
pre-treatment at same dose for 90 days before COS was started. 186 
patients accepted the treatment and 37 patients did not but wanted to 
have COS straightway. None of them had Intra-Cytoplasmic Sperm 
Injection (ICSI). They had single OPU cycle either with fresh or Fro-
zen Embryo Transfer (FET) once only.

Consent

 Written informed consent from study subject was also obtained 
prior to sample collection at the Calcutta Fertility Mission.

Ethical approval

 A specific written consent was designed according to the ethical 
guidelines of Helsinki declaration, 1975 and received the ethical 
clearance from Calcutta fertility mission(Registration no: CFM/ETH-
ICS/004).

Treatment protocol

 Patients selected for TI had OI agents like CC, in a dose of 50 mg 
twice daily from D3-D7 of cycle. If failing to conceive by 3 cycles, 
injection Human Menopausal Gonadotrophin (hMG) 75 International 
Units (IU) was administered Intramuscularly (IM) from D4 of cycle 
on alternate days, total 3 such, along with above dose of CC to pro-
duce 18 mm follicles. All these patients attempted for TI on the basis 
of TVS findings only. The AFC was estimated in a Single Ultrasonog-
raphy (USG) machine (Samsung Medison SONOACE R7) by a sin-
gle observer, on Day 2 (D2) of cycle through TVS. The ovulation trig-
ger was given with injection Human Chorionic Gonadotrophin (hCG) 
5000 IU (IM) on the day the leading follicle/s measured 18mm. Lute-
al support was provided routinely with Dydrogesterone at twice-daily 
dose for 15 days, starting from the day following confirmed ovula-
tion. COS was achieved in patients selected for IVF by administration 
of recombinant FSH (r-FSH) 225 IU Subcutaneously (S/C), starting 
fromD3 of period for 3 days. Routinely, TVS was performed on D6 
of cycle, to find out follicular recruitment. Recruitment of at least 
3 growing follicles is aimed at. Further from D6 onward, injection 
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Human Menopausal Gonadotrophin (hMG) 150-300 IU by Intra-
muscular (IM) route was administered daily, depending on the num-
ber of follicles recruited. A maximum dose of 450IU (IM) of hMG 
injection was administered in some cases. When leading follicle(s) 
reach 14mm diameter, Gonadotrophin-Releasing Hormone Antago-
nist (GnRh-a) injection 0.25 mg S/C was started for down-regulating 
the pituitary. At least 3 shots, maximum of 5 injections of antagonists 
were used and on attaining 18 mm leading follicle size, ovulation was 
triggered either through injecting hCG 5000 IU (IM) or GnRh-a 1.0 
mg S/C. Serum Estradiol (E2) value was estimated on hCG day mon-
itoring. If E2 value is &greater than 2000 pg/ml, injection LhRh-a 
was used as ovulation trigger. 34-35 hours following ovulation trig-
ger, Ovum Pick-Up (OPU) was performed by ultrasonography (TVS) 
route. These retrieved oocytes were inseminated as per conventional 
IVF techniques. The embryos formed following fertilization were 
transferred to mother’s uterus after 48 hours of OPU, as per fresh 
Embryo Transfer (ET) cycle or after preparing the endometrium in 
subsequent cycles.

Hormonal measurements

 Serum FSH level was estimated in our laboratory by Chemilumi-
nescence Immunoassay (CLIA) with Monobind Acculite. FSH esti-
mation kit is obtained from Lilac Medicare (P) Ltd, India. The refer-
ence interval of FSH level in follicular phase was 3.0-12.0 mIU/ml. In 
our laboratory, AMH is estimated by the AMH Gen II Enzyme-Linked 
Immunosorbent Assay (ELISA) kit from Beckman Coulter Inc., USA 
using Monobind Acculite Elisa reader (Eldex 3.8). According to our 
reference interval, an AMH level less than 1.8ng/ml is considered to 
be lower than normal (reference range: 2.0-6.8 ng/ml). Serum Estra-
diol (E2) value was estimated on hCG day monitoring so as to decide 
the ovulation trigger.

Statistical Analysis
 P-values were calculated to find the significant difference of pro-
portion between different groups. Odd ratios were used to measure 
the relative effect of different groups in comparison to reference 
group. All the statistical works were done using the statistical soft-
ware MINITAB 17.

Results
 In the TI group, after DHEA pre-treatment, the overall Clinical 
Pregnancy Rate (CPR) was found to be 12.9% while Live Born Rate 
(LBR) was 9.8% respectively, as compared to 4.44% and 2.2% re-
spectively in non-treated patients. Similarly in IVF group, CPR and 
LBR were 33.3% & 25.7% respectively, and miscarriage rate was 
7.3% (Table 1), after DHEA pre-treatment, as compared to 8.01% & 
5.3% respectively, along with 2.8% miscarriage rate in no pre-treat-
ment group, indicating that PR in cases of DHEA pre-treatment were 
more both for TI and IVF groups.

 Table 2 presents age stratified difference in CPR and LBR in TI 
and IVF group. It shows that there was no statistically significant dif-
ference between CPR and LBR among age group 25-30 years and 
above 40 years (as per p-value). However, women of 30-40 years age 
group show statistically significant difference in both. Table 3shows 
comparison of Odds Ratio (OR) of CP and Live Born (LB) as a whole 
in TI and IVF group. It was found that the OR was about 3 times more 
in IVF as compared to TI group in both CPR and LBR. When this age 
stratified OR for CP and LB in both TI and IVF group (Table 4) were 
plotted in chart, a significant uniform decrease in both CPR and LBR 
(Figure1) was found with advancing age, and LBR decreased rapidly 
in TI group as compared to IVF group (Figure 2).The miscarriage rate 
was more in IVF group as compared to TI group (7.3 % in IVF group 
versus 3.4% of TI group), even after DHEA pre-treatment.

Pre-treatment Cases CP/CPR LB/LBR Miscarr / MR Cases CP/CPR LB/LBR Miscarr/ MR

TI IVF

NIL 45 2 (4.44%) 1 (2.2%) 1 (2.2%) 37 3 (8.01%) 2 (5.3%) 1 (2.8%)

DHEA 551 73 (12.9%) 63 (9.8%) 20 (3.4%) 186 52 (33.3%) 48 (25.7%) 14 (7.3%)

Table 1: Total CP and LB in TI and IVF Group with or without DHEA.

Figure 1: Line plot of OR of CP in TI &IVF groups (age-stratified).

Figure 2: Line plot of OR of LB in TI &IVF groups (age-stratified).
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Discussion
 Poor response occurs due to the reduced active follicle content in 
ovary, which is otherwise called Functional Ovarian Reserve (FOR). 
FOR together with inactive or sleeping follicles constitute Total Ovar-
ian Reserve (TOR). DHEA stimulates the sleeping follicular pool, to 
make them functional components. However it is noteworthy that in 
most of the cases, the underlying cause of poor response remains un-
identified. This is especially true in young women [17-20]. Genetic 
aberrations particularly those involving genes encoding FSH Recep-
tor (FSHR), in Granulosa Cells (GCs) and defective signal trans-
duction following FSHR binding may cause poor ovarian response 
following stimulation [21-23]. In recent years, reduced expression of 
IGF-1 in the follicular fluid has been postulated as the possible expla-
nation of low-peak E2 levels in women having reduced or decreased 
ovarian reserves, even after COS [24-26]. Low production of Gonad-
otrophin Surge-Attenuating Factor (GnSAF) following stimulation by 
FSH is associated with premature luteinization with poor response 
[1,27,28]. DHEA which was once considered to be anti-aging agent 
available over the counter, has emerged as a breakthrough medicine 
in patients with DOR to improve ovarian response, as unveiled by the 
pioneering work of Casson and his colleagues [6]. Due to method-
ological error in Casson’s study, it was not universally accepted as a 
valid scientific study. Researchers like Gleicher, Barad or Wiser had 
demonstrated the beneficial effects of DHEA on poor responders [29]. 
The mechanism of action of DHEA still remains poorly understood. 
It has been postulated that DHEA helps in elevating the IGF-1 levels 
in the ovarian follicles of poor responders, and both in turn increases 
folliculogenesis and ovarian steroidogenesis by aging ovary showing 
characteristics of polycystic ovarian morphology. The elevation of in-
tra-follicular androgens through supplementation of DHEA also leads  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

to improvement of the quality of oocytes. Hence, DHEA appears to 
increase both quality and quantity of follicular pool.

 Dehydroepiandrosterone (DHEA) supplementation is being used 
by many IVF centers around the world in poor ovarian responders 
despite the lack of convincing data. About 25% of IVF programs use 
DHEA currently but large randomized prospective trials are needed 
and hence the present study [5]. In a study by DE Ikhena et al., early 
follicular phase serum DHEAS levels were assessed in addition to 
markers of ovarian reserve (FSH, AMH, E2) in cycles of non-PCOS 
women (n=53) undergoing IVF. An inverse correlation was observed 
and this relationship was independent of age, BMI and smoking sta-
tus (b coefficient -0.01, p=0.03). No relationship was seen between 
serum DHEAS levels and AMH nor with IVF cycle response or out-
come [30]. In our study it has been found that FSH and AMH levels 
do not change significantly after DHEA pre-treatment; but the fol-
licular development improves and more follicles are recruited after 
COS. This observation is similar to the study by Sonmezer M et al., 
which showed increased number of >17mm follicles and oocytes after 
DHEA supplementation [31].

 It has been shown in the study that TI increases the CPR and LBR 
following OI following DHEA pre-treatment, as compared to no 
pre-treatment group. The CPR & LBR in IVF group were also found 
to be more after DHEA pre-treatment, as compared to TI group. More 
successful pregnancy occurred between 32-35 years and 35-40 years 
women both for TI and IVF group. But the PR (both CPR and LBR) 
was 3 times more in IVF group as compared to TI group after DHEA 
pre-treatment, as seen in statistical analysis (odds ratio). Poor PR in 
women less than 30 years and more than 40 years might be age re-
lated or other factors like genetic factors for DOR. When odds ratio 
 

TI IVF

Ages Cases CP LB Cases CP LB P value 1 P value 2

25-30 114 29 22 22 10 7 0.078 0.237

30-35 181 26 21 74 26 22 0.001 0.002

35-40 181 15 9 74 22 17 0.000 0.000

>40 75 3 1 18 4 2 0.070 0.194

Cases CP Odd Ratio Cases LB Odd Ratio

TI 551 73 1.00 551 53 1

IVF 186 62 3.27 (2.21,4.84) 186 48 3.27 (2.11,5.04)

TI IVF TI IVF

Ages Cases CP Odd Ratio 1 Cases CP Odd Ratio 1A LB Odd Ratio 2 LB Odd Ratio 2A

25 - 30 114 29 1.00 22 10 1.00 22 1.00 7 1.00

30 -35 181 26 0.49 (0.27, 0.89) 74 26 0.65 (0.24, 1.71) 21 0.55 (0.28, 1.05) 22 0.91 (0.32, 2.53)

35 - 40 181 15 0.26 (0.13, 0.52) 74 22 0.51 (0.19, 1.34) 9 0.22 (0.09, 0.49) 17 0.64 (0.22, 1.82)

>40 75 3 0.12 (0.03, 0.41) 18 4 0.34 (0.08, 1.38) 1 0.06 (0.01, 0.42) 2 0.27 (0.05, 1.50)

Table 2: Age-stratified comparison of CP and LB in TI and IVF Group.

Table 3: Odd ratio between CP and LB in TI and IVF groups.

Table 4: Age-stratified OR of CP achieved in women of TI and IVF groups.
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was line plotted during statistical analysis, it was observed that with 
advancing age, chances of conception diminish both in TI and IVF 
group but this was profound in TI group, indicating that it is better to 
offer IVF treatment in patients with advanced age as soon as possible. 
High miscarriage rate may be due to disturbed endometrial receptivity 
following COS and can decrease following DHEA supplementation 
according to previous studies [32]. But in our study the miscarriage 
rate was more in IVF group as compared to TI group (7.3% in IVF 
group versus 3.4% of TI group), even after DHEA pre-treatment.

Conclusion
 To conclude, poor responders having DOR show improved LBR 
after DHEA pretreatment both for TI and IVF treatment but LBR in 
elderly patients in DOR improves more following IVF treatment.
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