
Reprod Med Biol. 2021;20:305–312.	﻿�    |  305wileyonlinelibrary.com/journal/rmb

1  | INTRODUC TION

Poor ovarian response (POR), defined as the retrieval of a low num-
ber of oocytes despite adequate ovarian stimulation in an assisted 
reproduction cycle, occurs in 9%-24% of infertile women undergo-
ing in vitro fertilization (IVF).1,2 Despite recent advances in assisted 

reproductive technology (ART), POR remains one of the most chal-
lenging tasks for reproductive clinicians during controlled ovarian 
stimulation (COS). This is mainly due to inadequate standard proto-
cols and drugs for the management and treatment of POR.3 Various 
interventions have been proposed to improve pregnancy outcomes 
for patients with POR. These include increased gonadotropin 
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Abstract
Purpose: This study compared the therapeutic effects of transdermal testosterone 
gel (TTG) application at 4 and 6 weeks before controlled ovarian hyperstimulation 
(COH) in women with poor ovarian response (POR).
Methods: In this randomized control trial, infertile women with POR who underwent 
in vitro fertilization (IVF) were recruited and randomly classified into 4 week (n = 42) 
and 6 week (n = 38) TTG treatment groups and control group (n = 42). The primary 
outcome was total number of retrieved mature oocytes. The secondary outcomes 
were the biochemical pregnancy rate, clinical pregnancy rate, and ongoing pregnancy 
rate.
Results: No significant differences were observed in the number of oocytes re-
trieved, mature oocytes and embryos between all groups. Human chorionic gonado-
tropin (hCG) positive, clinical, and ongoing pregnancy rates were significantly higher 
in the TTG pretreatment groups than in the control group but no differences were 
observed between the 4- and 6 week groups.
Conclusions: Applying TTG in infertile women with POR may ameliorate the out-
comes of IVF. The extended application of TTG to 6  weeks did not improve the 
response to ovarian stimulation regarding the number of retrieved oocytes nor preg-
nancy outcomes compared to the 4 week pretreatment.
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dosages, implementation of a modified natural IVF cycle, and addi-
tion of adjuvant agents during ovarian stimulation.1

One of the promising interventions is the administration of ad-
ditional testosterone before or during ovarian stimulation because 
the low response to ovarian stimulation frequently reflects an age-
related decline in testosterone levels. There is a positive association 
between testosterone levels and the number of oocytes retrieved.4,5 
Moreover, patients with higher testosterone baseline levels require 
a lower follicle-stimulating hormone (FSH) dose, a shorter duration 
of ovarian stimulation, and are more likely to achieve pregnancy than 
females with lower testosterone levels.6 Testosterone supplementa-
tion in POR treatment could facilitate the transition of follicles from 
the dormant to the growing pool, during the early and intermediate 
stages of follicular maturation.7 Available data suggest that testos-
terone may increase the number of pre-antral and antral follicles and 
augment the expression of FSH receptors in granulosa cells, poten-
tially enhancing ovarian sensitivity to FSH.1

Regarding transdermal testosterone gel (TTG) supplementation, 
evidence suggests the effect of time-effectiveness ratio is more 
than the dose-effectiveness ratio.8 Androgen treatment duration 
might be critical in stimulating follicular growth. However, limited 
evidence exists on the optimal treatment duration. While several 
studies do not support the use of testosterone for less than 21 days 
due to negative results,9-11 only one study evaluated the effects 
of testosterone pretreatment based on different application dura-
tions.12 Compared with the control group, TTG pretreatment for 3 
or 4 weeks increased antral follicle count (AFC) and ovarian stromal 
blood flow, therefore, augmenting the numbers of oocytes retrieved 
and matured oocytes. However, significantly better results in terms 
of clinical pregnancy rate (CPR) and live birth rate (LBR) were only 
achieved in patients treated with transdermal testosterone exten-
sively (4  weeks).12 These results seem to agree with the fact that 
the transition period from the pre-antral to the antral follicular stage 
lasts approximately 70 days in humans.13 To evaluate the effect of 
a longer duration of androgen supplementation, we hypothesized 
that increasing the testosterone treatment duration to 6 weeks may 
potentially increase the number of recruited follicles. Therefore, the 
present study aimed to determine the comparative therapeutic ef-
fect of 6 week and 4 week TTG application in women with POR.

2  | METHODS

2.1 | Study design and participants

This randomized control trial (RCT) was conducted between January 
2018 and September 2019 at the National Center for Reproductive 
Medicine, Hanoi, Vietnam. In total, 165 women with POR undergo-
ing IVF treatment in the study was assessed. For eligibility, inclusion 
criteria based on Bologna criteria included patients who met at least 
two of the following criteria: (a) advanced maternal age (40 years) 
or any other POR risk factor; (b) A previous incident of POR (cy-
cles canceled or 3 oocytes with a conventional ovarian stimulation 

protocol); (c) A low ovarian reserve test (AFC ≤ 5-7 or AMH ≤ 0.5-
1.1  ng/mL). In contrast, exclusion criteria included severe primary 
ovarian insufficiency (POI) (which was defined as basal FSH level 
over 40  mIU/mL, basal estradiol level under 5  pg/mL, and female 
age < 40 years), donated gamete IVF cycles, male factor infertility, 
severe endometriosis or unexplained infertility, thyroid disease, liver 
and kidney dysfunction, and abnormal genitalia. After screening, 
eligible patients were randomly allocated into two TTG intervention 
groups (4 week and 6 week groups) and one control group through 
a manual lottery. Allocation concealment was by sequentially num-
bered, opaque, sealed envelopes. All participants were blinded to 
group assignment; however, researchers were not blinded.

2.2 | Intervention

The two TTG groups were administered 12.5 mg transdermal testos-
terone 1% (AndroGel 50 mg, Besin Healthcare, Belgium) onto clean, 
dry, healthy skin over both upper arms, once daily in the evening. All 
women did not take any form of oral contraceptive pills before or 
during the pretreatment period. Patients were instructed to avoid 
washing the skin on which the gel had been applied for 5 hours after 
application. The duration of TTG pretreatment was 4 or 6  weeks, 
depending on the group. In the 4 week group, TTG was applied from 
the first day of the menstrual cycle until the first day of the next 
menstrual cycle. In the 6 week group, TTG application was started 
2  weeks earlier than in the 4  week group and ended on the first 
day of the menstrual cycle. Ovarian stimulation was started the day 
after the last testosterone gel application. In the control group, con-
trolled ovarian stimulation was started on day 2 of the menstrual 
cycle without any pretreatment.

In all groups, patients underwent controlled ovarian stimulation 
with gonadotropin-releasing hormone (GnRH) antagonist protocol, 
using rFSH (Gonal F®, 300  IU, Merck Serono, Italy). The injection 
was started on day 2 of the cycle. The FSH starting dose and FSH 
dose adjustment were based on patient's condition and individual 
ovarian response. GnRH antagonist (Cetrotide®, 250  µg, Merck 
Serono, German) was started at 250 mcg per day on day 6 of FSH 
injection and maintained daily until the day of trigger. hCG 6.500 IU 
(Ovitrelle®, 250 μg, Merck Serono, Italia) was administered subcu-
taneously when at least 2 follicles had reached ≥18  mm. Oocyte 
retrieval was performed under transvaginal ultrasound guidance 
36-37 hours after hCG injection, and the embryos were cultured in 
G1-PLUS™/G2-PLUS™ sequential media (Vitrolife®, Västra Frölunda, 
Sweden). We classified embryos according to standard morpholog-
ical scoring by Istanbul consensus,1 depending on the number of 
cells, size of the cells, fragmentation, and embryo quality as: good, 
fair, and poor. One to four embryos were transferred into the uterus 
on day 3 after oocyte aspiration, depending on the patient's age, 
embryo quality, and previously unsuccessful embryo transfer. Luteal 
support with micronized progesterone (Utrogestan 200  mg, Besin 
Healthcare, France) was administered (800 mg/day) from the day of 
oocyte retrieval until 12 weeks of gestational age.
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2.3 | Hormonal tests

Hormone concentrations were measured using commercially avail-
able kits. Serum estradiol concentrations were estimated by elec-
trochemical enzyme immunosorbent assay (EIA) (Elecsys Estradiol 
III, catalog number: 06 656 021 190, Roche, Japan) with a sensitiv-
ity of 5 pg/mL. Serum FSH and luteinizing hormone (LH) concentra-
tions were measured by an immunoenzymatic assay (Elecsys FSH, 
catalog number: 11 775 863 122, and Elecsys LH, catalog number 
11 732 234 122, Roche, Japan) and the sensitivity of both the FSH 
and LH assays was 0.1 IU/L. Serum AMH concentrations were meas-
ured by an immunoenzymatic assay (Elecsys AMH, catalog number: 
06 331 076 190, Roche, Japan), and the sensitivity was 0.01 ng/mL. 
Total beta-human chorionic gonadotropin (hCG) was measured by 
immunoassay (Elecsys hCG  +  β, catalog number: 0  327  179  190, 
Roche, Japan) with a sensitivity of 0.1 mIU/mL.

2.4 | Ultrasonography

Ultrasonic scans were performed using a GE Voluson p6 ultrasound 
machine (2018, Korea) equipped with a 5-7 MHz endovaginal probe. 
The AFC ultrasound procedure was performed on day 2 of the men-
strual cycle. All follicles measuring 2-10 mm in diameter in both ova-
ries were counted and recorded with the total number of AFCs. In 
IVF cycles, patients were scanned by ultrasound at least three times 
on day 2 of the cycle, day 6 of FSH, and day 8 of FSH. The last ultra-
sound was performed on the day of the trigger. The follicular diame-
ter was calculated as the average length of the longest follicular axis 
and that of the axis perpendicular to it in the same scanning plane.

2.5 | Sample size and power calculation

The sample size was calculated for the difference in 2 independent 
means as follows:

Notably, μ1 ± σ1 = 5.4 ± 1.9 was considered the number of oo-
cytes retrieved in the testosterone group, and μ2 ± σ2 = 3.8 ± 1.4 
was the number of oocytes retrieved in the control group according 
to Kim's study.2 Z1−α/2 = 1.96 corresponds to 95% confidence inter-
val; Z1−β = 1.64 corresponds to 95% strength, and the minimum sam-
ple size was 28 cycles per group. In total, 80 cycles were recruited 
for the study population during the recruitment period.

2.6 | Outcome assessment

The primary outcome of this study was the total number of retrieved 
mature oocytes. The secondary outcomes were the ongoing pregnancy 

rate per cycle, pregnancy rate, biochemical pregnancy rate, and clinical 
pregnancy rate per cycle. Similarly, we also evaluated and analyzed the 
total dose and days of rFSH administration. Pregnancy was defined as 
positive when the serum beta-hCG level was ≥50 IU/L 14 days after 
embryo transfer. Clinical pregnancy was defined as the presence of 
a gestational sac identified by transvaginal ultrasound 4 weeks after 
embryo transfer. Biochemical pregnancy was defined as the absence 
of an identifiable pregnancy on ultrasound examination despite a posi-
tive serum hCG pregnancy test, and ongoing pregnancy was defined as 
a viable intrauterine pregnancy after 12 weeks of gestation.

2.7 | Statistical analysis

Data were analyzed using STATA software version 14.0 (Stata 
Corporation, College Station, TX, USA) on an intention-to-treat 
basis. Proportions, means, and standard deviations (SDs) were ex-
amined and presented for selected baseline variables in the treat-
ment group. Comparisons of baseline characteristics and outcomes 
by treatment group were performed using ANOVA for continuous 
variables and a chi-square test for proportions. A Bonferroni cor-
rection was used for multiple testing wherein the resulting P-value 
was multiplied by the number of tests measuring similar constructs. 
Multivariable logistic regressions were used to quantify the effects 
of the treatment group, adjusted for all potential confounders in-
cluding maternal age, body mass index (BMI), infertility duration, 
primary or secondary infertility, and history of IVF treatment. All 
statistical tests were two-sided, and P values <0.05 were considered 
statistically significant.

2.8 | Ethical approval

The protocol for this study was approved by the local Scientific and 
Ethical Committee in Biomedical Research, Hanoi Medical University 
(26NCS17/HMU IRB dated February 8, 2018) and the registration 
number at Clinical trials was NCT04602143. Written consent was 
obtained from all participants before data collection, following the 
Declaration of Helsinki.

3  | RESULTS

3.1 | Trial profile

We invited 165 potentially eligible women for screening, among 
which 6 were excluded before random assignment because they did 
not meet the study criteria. Among the 159 women who were eligi-
ble and agreed to participate, 37 were lost to follow-up because they 
received a donor egg or quit treatment before ovarian stimulation 
(Figure 1).

No differences were observed between the TTG pretreatment 
and control groups in general characteristics, including age, BMI, 
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infertility duration, infertility classification, history of IVF treatment, 
AFC, and basal endocrine profile (Table 1). No difference in the char-
acteristics of the study sample was observed among the groups.

Two cycles (4.7%) of the control group, two cycles (4.7%) of the 
4 week group, and one cycle (2.6%) of the 6 week TTG group were 
canceled because of the lack of follicular development after stimu-
lation or unproductive embryo obtained after culture (Table 2). No 
significant difference in the overall cycle cancellation rate was ob-
served between the TTG pretreatment and control groups.

Compared to the control group, the treatment groups (either 4 
or 6 weeks) have a significantly high endometrial thickness on the 
day of hCG injection (P  =  .00), short time of recombinant follicle-
stimulating hormone (rFSH) administration (P = .00), and a low total 
rFSH dose (P = .00) (Table 2). Similarity, all these differences are ob-
served when comparing the 6 week group with the 4 week group on 
the day of hCG injection (Table 2).

Regarding the primary outcomes, no significant differences in 
the number of oocytes retrieved were observed between groups 
(5.5 ± 2.4 vs 5.4 ± 2.8 and 5.6 ± 3.4 in control and 4 week or 6 week 
group with P =  .9 and P =  .88, respectively). Similar findings were 
also obtained in the secondary outcomes, including mature oocytes 
(4.5 ± 1.9 vs 4.3 ± 2.2 and 4.4 ± 2.9 with P = .6 and P = .78, respec-
tively), the number of good-quality embryos (3.8 ± 2.1 vs 3.6 ± 2.2 
and 3.4 ± 1.9 with P = .8 and P = .39, respectively), and the number 
of embryos transferred (2.3 ± 1.0 vs 2.2 ± 1.0 and 2.1 ± 0.9 with 
P  =  .39 and P  =  .25, respectively), with no significant difference 
observed between the control group and the treatment groups 
(4 weeks and 6 weeks, respectively) (Table 3).

The hCG positive and ongoing pregnancy rates were significantly 
higher in the TTG pretreatment groups (32.5% and 30% in 4 week; 
29.7% and 21.6% in 6  week group, respectively) than in the con-
trol group (only 10% and 7.5%, respectively) as shown in Table  3. 
Additionally, the clinical pregnancy rate was higher in the 4  week 
pretreatment groups (32.5% vs 10%) than in the control group 
(P = .01). No differences in hCG positive, clinical, and ongoing preg-
nancy rates were observed between the 4 and 6 week TTG pretreat-
ment groups. Only one case presented with light itching for a short 
time, which disappeared after a few days.

The effects of TTG treatment were further examined in multivari-
able logistic regression models, adjusted for all potential confound-
ers (Table 4). The statistically significant differences were observed 
in the TTG treatment groups, unlike the BMI and female age groups. 
The 4 week pretreatment group has a better pregnancy outcome in 
hCG positive rate (odds ratio (OR): 4.14, 95% CI (confidence inter-
val): 1.15-14.93, P = .03), clinical pregnancy rate (OR: 4.63, 95% CI: 
1.25-17.18, P = .02), and ongoing pregnancy rate (OR: 5.84, 95% CI: 
1.36-25.10, P =  .02) than the control group. Similarity, the 6 week 
pretreatment group yielded higher hCG positive rate (OR: 4.12, 95% 
CI: 1.15-14.85, P = .03) than the control group; however, the magni-
tude of the effects is smaller than that in the 4 week group.

4  | DISCUSSION

This study was designed to evaluate the optimal duration of androgen 
supplementation before controlled ovarian stimulation using a GnRH 

F I G U R E  1   Study population 
enrollment flow chart From 165 women 
with poor ovarian response, 159 cases 
satisfied the inclusion and exclusion 
criteria. After screening, eligible patients 
were randomly allocated into two 
transdermal testosterone gel intervention 
groups (53 cases in 4 wk group and 53 
cases in 6 wk group) and one control 
group (53 cases) through a manual lottery. 
During the time of study, loss of follow-up 
and discontinue of treatment results in 
the final data with 42, 38, and 42 women 
in 4 wk group, 6 wk group, and the control 
group, respectively
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antagonist in poor responders undergoing IVF. Our data confirms that 
androgen supplementation improves response to ovarian stimulation, 
regarding the number of retrieved oocytes. However, the 4  week 
protocol appeared to be as good as 6 week administration in term of 

ovarian response and pregnancy outcomes. Therefore, it is unneces-
sary to extend the duration of androgen supplementation to 6 weeks.

The roles of androgens in folliculogenesis have been discussed 
more frequently in recent years. In essence, androgens are the basic 

Characteristics
Control group 
n = 42

Treatment group

4 wk group 
n = 42

6 wk group 
n = 38 P*

Age (y) 36.4 ± 5.2 35.9 ± 5.4 36.2 ± 4.7 .92

BMI (kg/m2) 21.8 ± 2.3 21.1 ± 1.9 21.7 ± 2.7 .41

Underweight (<18.5) 4 (9.5) 3 (7.1) 4 (10.5)

Normal (18.5-22.9) 25 (59.5) 28 (66.7) 22 (57.9)

Overweight (23.0-24.9) 9 (21.4) 11 (26.2) 7 (18.4)

Obesity (≥25) 4 (9.5) 0 (0) 5 (13.2) .40

Infertility duration (mo) 65.4 ± 46.9 45.8 ± 26.7 56.8 ± 37.0 .05

Infertility classification

Primary infertility 10 (23.8) 12 (28.6) 10 (26.3)

Secondary infertility 32 (76.2) 30 (71.4) 28 (73.7) .88

History of IVF treatment

Yes 6 (14.3) 36 (85.7) 32 (84.2)

No 36 (85.7) 6 (14.3) 6 (15.8) .98

Endocrine tests

Basal FSH (IU/L) 8.1 ± 2.0 7.5 ± 2.5 7.7 ± 3.8 .67

Basal LH (IU/L) 4.3 ± 1.8 4.3 ± 2.6 4.2 ± 1.8 .93

Basal E2 (pg/mL) 35.8 ± 12.8 40.3 ± 14.4 38.4 ± 19.8 .42

AMH (ng/mL) 1.0 ± 0.3 1.0 ± 0.4 0.9 ± 0.4 .55

AFC 5.9 ± 3.6 5.4 ± 2.6 4.9 ± 1.9 .32

Note: Data are presented as mean ± standard deviation or number (%).
Abbreviations: AFC, antral follicle count; AMH, anti-Mullerian hormone; BMI, body mass index; E2, 
estradiol; FSH, follicle-stimulating hormone; IVF, in vitro fertilization; LH, luteinizing hormone.
*Comparison was performed between the treatment and control groups using the independent 
samples t test and chi-square test. 

TA B L E  1   General characteristics of the 
study population

TA B L E  2   Comparison of ovarian response in the treatment groups and control group

Ovarian response Control group

Treatment group

P1 P2 P34 wk group 6 wk group

No. of cycles recruited 42 42 38

No. of cycles with oocyte retrieved and embryo 
transfer

40 40 37

No. of cycles canceled 2 (4.7%) 2 (4.7%) 1 (2.6%) .86 1.00 .62

Starting dose of FSH (IU) 384.1 ± 55.7 373.2 ± 49.2 389.5 ± 61.7 .19 .34 .69

Duration of rFSH (d) 10.0 ± 0.9 9.1 ± 0.6 9.5 ± 1.0 .03 .000 .04

Total dose of rFSH (IU) 3803.8 ± 627.6 3369.6 ± 490.9 3707.2 ± 729.8 .01 .00 .4

E2 level on day of hCG injection (pg/mL) 1771.1 ± 860.6 1841.5 ± 824.4 1909.8 ± 1137.4 .76 .70 .54

EMT on day of hCG injection (mm) 10.3 ± 1.6 11.6 ± 1.9 10.7 ± 2.2 .05 .00 .38

Note: P1: comparison between the 4-wk and 6-wk groups; P2: comparison between the 4-wk and control groups; P3: comparison between the 6-wk 
group and control group.
Abbreviations: CPR, clinical pregnancy rate; E2, estradiol; EMT, endometrial thickness; hCG, human chorionic gonadotropin; IU, international unit; 
No, number; rFSH, recombinant follicle-stimulating hormone.



310  |     HOANG et al.

substrate in the steroid making process of the ovaries based on the 
two-cell, two-gonadotropin theory.14 Androgens supposedly play an 
important role in early follicular development and granulosa cell pro-
liferation.15-17 Additionally, they have been shown to increase the 
expression of FSH receptors in granulosa cells and increase the num-
ber of pre-antral and antral follicles.16 In studies of human granulosa 
cells and follicular fluid of primary follicles, a significant correlation 
was observed between androgen receptors and FSH receptors in 
mRNA expression. Furthermore, follicle fluid testosterone concen-
tration was observed to be highly correlated with FSH receptor 
mRNA expression.18

Although there have been many studies on the use of testoster-
one before ovarian stimulation, the results are limited and contro-
versial. Similarly, studies have evaluated the efficacy of the bioactive 
androgen, testosterone, and its use in patients with POR to improve 

ovarian response and IVF outcomes.9-11,19 Our study found that 
androgen supplementation did not improve the retrieved oocytes 
number, however, better pregnancy outcomes were recognized in 
testosterone treatment groups. Although the number of embryos 
transferred was similar, clinical and ongoing pregnancy rates were 
lower in the control group than in the treatment groups. Because 
the endometrium thickness was higher in the 4 week group than in 
the control group, the “quality” of the oocytes and, therefore, quality 
of the embryos might be improved with testosterone supplement.

The duration and total dose of testosterone supplementation 
were suggested as key factors before controlled ovarian stimu-
lation.12 The ovarian bioavailability of systemic androgen is rec-
ommended to be studied further.20 Similarly, the appropriate 
timing of androgen supplementation should be carefully considered. 
Considering the effect of androgen in the early stages of follicular 

TA B L E  3   Comparison of IVF-ET outcomes between treatment groups and control group

Outcomes

Control group (n = 42)

Treatment group

P1 P2 P3

4 wk group (n = 42) 6 wk group (n = 38)

n Mean ± SD/% n Mean ± SD/% n Mean ± SD/%

No. of oocyte retrieved 40 5.5 ± 2.4 41 5.4 ± 2.8 37 5.6 ± 3.4 .81 .90 .88

No. of mature oocyte 40 4.5 ± 1.9 41 4.3 ± 2.2 37 4.4 ± 2.9 .88 .60 .78

No. of embryos 40 3.8 ± 2.1 41 3.6 ± 2.2 37 3.4 ± 1.9 .56 .80 .39

No. of embryos 
transferred

40 2.3 ± 1.0 40 2.2 ± 1.0 37 2.1 ± 0.9 .69 .39 .25

hCG positive (%) 40 4 (10) 40 13 (32.5) 37 11 (29.7) .79 .01 .03

CPR (%) 40 4 (10) 40 13 (32.5) 37 8 (21.6) .28 .01 .16

Ongoing pregnancy rate 
(%)

40 3 (7.5) 40 12 (30.0) 37 8 (21.6) .40 .00 .08

Note: P1: Comparison between the 4 wk and 6 wk groups; P2: Comparison between the 4 wk and control groups; P3: Comparison between the 6 wk 
group and control group. Data are presented as mean ± standard deviation or number (%).
Abbreviations: CPR, clinical pregnancy rate; hCG, human chorionic gonadotropin; No., number.

TA B L E  4   Effects of 4-wk and 6-wk transdermal testosterone gel pretreatment on pregnancy outcomes by multivariable logistic 
regression analysis

Factors

hCG positive Clinical pregnancy rate Ongoing pregnancy rate

OR (95% CI) P OR 95% CI P OR 95% CI P

Treatment groups

Control Ref

4 wk 4.14 (1.15-14.93) .03 4.63 (1.25-17.18) .02 5.84 (1.36-25.10) .02

6 wk 4.12 (1.15-14.85) .03 2.59 (0.68-9.80) .16 3.67 (0.85-15.89) .08

Female's age

<35 y Ref

≥35 y 1.00 (0.37-2.70) .99 1.10 (0.39-3.11) .86 1.33 (0.44-4.04) .62

BMI

Normal (18.5-22.9) Ref

Overweight (23.0-24.9) 1.33 (0.47-3.79) .59 1.18 (0.40-3.54) .77 1.38 (0.45-4.25) .57

Obesity (≥25) 1.00 (0.16-6.15) .99 1.52 (0.25-9.36) .65 1.83 (0.27-12.25) .53

Note: Abbreviations: BMI, body mass index; CI, confidence interval; hCG, human chorionic gonadotropin; OR, odd ratio; y, years.
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development, supplementation can be taken for 1-3 weeks before 
ovarian stimulation.12,17,21,22 To evaluate the effect of a longer du-
ration of androgen supplementation, the present RCT compared 4 
and 6 week interventions to a control group to evaluate the optimum 
duration of testosterone supplementation in patients with POR. Our 
data showed that the duration of FSH administration and the total 
FSH dose in the 4 week group were significantly lower than those 
in the 6 week group. Positive effects of TTG pretreatment on ovar-
ian stimulation were observed in the pregnancy and ongoing preg-
nancy rates in the treatment groups compared to the control group. 
The main findings of this study were the nonsignificant differences 
observed in pregnancy rate, CPR per cycle recruited, and ongoing 
pregnancy rates per cycle recruited between the 4 and 6 week TTG 
pretreatment groups. Our results highlight the advantages of andro-
gen supplementation for 4 weeks rather than 6 weeks. The strategy 
of exclusively adopting the 4 week supplementation may offer the 
advantages of lower cost, patient-friendly prescription to patients, 
and reduction in the risk of therapy interruption.

However, does the shorter application of TTG under 4  weeks 
provide more benefits? Previously, Saharkhiz et al reported that 
testosterone gel pretreatment (25 mg/day for 12 days) significantly 
improved the number of oocytes retrieved.23 However, in another 
study by Kim et al12 with different androgen duration protocols (no 
pretreatment and 2, 3, and 4 weeks of testosterone pretreatment), 
2 weeks of androgen pretreatment did not show any significant ef-
fects. However, patients treated for 3 and 4 weeks showed increases 
in AFC and ovarian stromal blood flow and significantly improved 
ovarian response (more oocytes retrieved); however, only patients 
pretreated for 4 weeks showed a significant increase in clinical preg-
nancy and live birth rates.12 Recently, four RCTs (two with a placebo 
control) evaluating the effects for transdermal testosterone use for 
5-20 days in POR patients showed no significant effect of testos-
terone pretreatment therapy.24 In humans, the follicle progresses 
from a pre-antral stage to an early antral stage with a follicle diam-
eter of 180-250 µm. Through the accumulation of fluid in the antral 
cavity and the proliferation of granulosa and theca cells, the follicle 
progresses through the subsequent stages of development until it 
reaches 2 mm in size, a process that takes approximately 70 days.13 
Therefore, a short course of androgens has no significant effect on 
ovarian response and IVF outcome.

A possible limitation of this study is that it was not double-
blinded as the clinicians were aware of the groups the patients were 
classified. This study was conducted in a tertiary hospital, a national 
center for assisted reproduction; therefore, clinical activities were 
monitored closely by the principal investigator, and the study design 
was strictly followed. The study sample was homogeneous (by ran-
dom selection using sealed envelopes), based on general character-
istics between groups. Although the sample size of 122 patients can 
be considered a strength of this study, we did not include severe POI 
cases into the inclusion criteria because they all received donated 
oocytes after consultation. Furthermore, several previous studies 
reported that there was a positive association between testosterone 
levels and the number of oocytes retrieved4,5; however, we did not 

collect data on serum testosterone. Therefore, this relation was not 
revealed by our data. In this study, some cases were lost to follow-up 
because they withdrew from treatment to have their oocytes do-
nated and some other cycles were paused due to the need to adhere 
to the social distancing guideline because of the Covid-19 pandemic.

In conclusion, this study confirmed that TTG pretreatment could 
improve IVF outcomes in poor responders undergoing IVF/ICSI. 
Particularly, a 4 week dose of 12.5 mg androgen supplementation 
appeared to be a better approach than an extended 6 week treat-
ment as it guarantees a similar number of retrieved mature oocytes 
and pregnancy outcomes with shorter application time and lower 
cost.

ACKNOWLEDG EMENTS
The authors are grateful to physicians, administrative staff at 
the National Assisted Reproductive Technology Centre, National 
Hospital of Obstetrics and Gynecology, Vietnam, for allowing and 
supporting us to undertake this research.

DISCLOSURE S
Conflict of interest: The authors report no conflicts of interest. The 
authors alone are responsible for the content and writing of this ar-
ticle. Human rights statements and informed consent: All procedures 
performed in studies involving human participants were in accord-
ance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards. Written consent 
was obtained from all participants before data collection. Approval 
by Ethics Committee: The protocol for this study was approved by 
the Scientific and Ethical Committee in Biomedical Research, Hanoi 
Medical University, 26NCS17/HMU IRB dated February 8, 2018.

ORCID
Quoc Huy Hoang   https://orcid.org/0000-0002-6928-6014 
Hung Sy Ho   https://orcid.org/0000-0002-0497-3104 
Huong Thuy Do   https://orcid.org/0000-0003-2286-147X 
Tien Viet Nguyen   https://orcid.org/0000-0001-8617-4367 
Hong Phuong Nguyen   https://orcid.org/0000-0003-3418-1674 
Minh Tam Le   https://orcid.org/0000-0001-6225-3108 

R E FE R E N C E S
	 1.	 Jeve Y, Bhandari H. Effective treatment protocol for poor ovarian 

response: a systematic review and meta-analysis. J Hum Reprod Sci. 
2016;9(2):70-81.

	 2.	 Ferraretti AP, La Marca A, Fauser BCJM, Tarlatzis B, Nargund G, 
Gianaroli L. ESHRE consensus on the definition of “poor response” 
to ovarian stimulation for in vitro fertilization: the Bologna criteria. 
Hum Reprod. 2011;26(7):1616-1624.

	 3.	 Haahr T, Esteves SC, Humaidan P. Individualized controlled ovarian 
stimulation in expected poor-responders: an update. Reprod Biol 
Endocrinol. 2018;16(1):20.

	 4.	 Barbieri RL, Sluss PM, Powers RD, et al. Association of body mass 
index, age, and cigarette smoking with serum testosterone lev-
els in cycling women undergoing in vitro fertilization. Fertil Steril. 
2005;83(2):302-308.

https://orcid.org/0000-0002-6928-6014
https://orcid.org/0000-0002-6928-6014
https://orcid.org/0000-0002-0497-3104
https://orcid.org/0000-0002-0497-3104
https://orcid.org/0000-0003-2286-147X
https://orcid.org/0000-0003-2286-147X
https://orcid.org/0000-0001-8617-4367
https://orcid.org/0000-0001-8617-4367
https://orcid.org/0000-0003-3418-1674
https://orcid.org/0000-0003-3418-1674
https://orcid.org/0000-0001-6225-3108
https://orcid.org/0000-0001-6225-3108


312  |     HOANG et al.

	 5.	 Davison SL, Bell R, Donath S, Montalto JG, Davis SR. Androgen lev-
els in adult females: changes with age, menopause, and oophorec-
tomy. J Clin Endocrinol Metab. 2005;90(7):3847-3853.

	 6.	 Frattarelli JL, Peterson EH. Effect of androgen levels on in vitro fer-
tilization cycles. Fertil Steril. 2004;81(6):1713-1714.

	 7.	 Gervásio CG, Bernuci MP, Silva-de-Sá MF, de Rosa-e-Silva ACJS. 
The role of androgen hormones in early follicular development. 
ISRN Obstet Gynecol. 2014;2014:818010.

	 8.	 Noventa M, Vitagliano A, Andrisani A, et al. Testosterone therapy 
for women with poor ovarian response undergoing IVF: a meta-
analysis of randomized controlled trials. J Assist Reprod Genet. 
2019;36(4):673-683.

	 9.	 Massin N, Cedrin-Durnerin I, Coussieu C, Galey-Fontaine J, Wolf JP, 
Hugues J-N. Effects of transdermal testosterone application on the 
ovarian response to FSH in poor responders undergoing assisted 
reproduction technique—a prospective, randomized, double-blind 
study. Hum Reprod. 2006;21(5):1204-1211.

	10.	 Bosdou JK, Venetis CA, Dafopoulos K, et al. Transdermal testoster-
one pretreatment in poor responders undergoing ICSI: a random-
ized clinical trial. Hum Reprod. 2016;31(5):977-985.

	11.	 Fabregues F, Penarrubia J, Creus M, et al. Transdermal testoster-
one may improve ovarian response to gonadotrophins in low-
responder IVF patients: a randomized, clinical trial. Hum Reprod. 
2009;24(2):349-359.

	12.	 Kim C-H, Ahn J-W, Moon J-W, Kim S-H, Chae H-D, Kang B-M. 
Ovarian features after 2 weeks, 3 weeks and 4 weeks transdermal 
testosterone gel treatment and their associated effect on IVF out-
comes in poor responders. Dev Reprod. 2014;18(3):145-152.

	13.	 Gougeon A. Dynamics of follicle development in the human ovary. 
In: Chang RJ, ed. Polycystic Ovary Syndrome. New York, NY: Springer; 
1996:21-36.

	14.	 Ryan KJ, Petro Z, Kaiser J. Steroid formation by isolated and recom-
bined ovarian granulosa and thecal cells. J Clin Endocrinol Metab. 
1968;28(3):355-358.

	15.	 Vendola K, Zhou J, Wang J, Famuyiwa OA, Bievre M, Bondy CA. 
Androgens promote oocyte insulin-like growth factor I expression 
and initiation of follicle development in the primate ovary. Biol 
Reprod. 1999;61(2):353-357.

	16.	 Vendola KA, Zhou J, Adesanya OO, Weil SJ, Bondy CA. Androgens 
stimulate early stages of follicular growth in the primate ovary. J 
Clin Invest. 1998;101(12):2622-2629.

	17.	 Weil SJ, Vendola K, Zhou J, et al. Androgen receptor gene expres-
sion in the primate ovary: cellular localization, regulation, and func-
tional correlations. J Clin Endocrinol Metab. 1998;83(7):2479-2485.

	18.	 Nielsen ME, Rasmussen IA, Kristensen SG, et al. In human gran-
ulosa cells from small antral follicles, androgen receptor mRNA 
and androgen levels in follicular fluid correlate with FSH receptor 
mRNA. Mol Hum Reprod. 2011;17(1):63-70.

	19.	 Sipe CS, Thomas MR, Stegmann BJ, Van Voorhis BJ. Effects of exog-
enous testosterone supplementation in gonadotrophin stimulated 
cycles. Hum Reprod. 2010;25(3):690-696.

	20.	 Fanchin R, Frydman N, Even M, Berwanger da Silva AL, Grynberg M, 
Ayoubi J-M. Androgens and poor responders: are we ready to take 
the plunge into clinical therapy? Fertil Steril. 2011;96(5):1062-1065.

	21.	 Kim C-H, Howles CM, Lee H-A. The effect of transdermal testos-
terone gel pretreatment on controlled ovarian stimulation and IVF 
outcome in low responders. Fertil Steril. 2011;95(2):679-683.

	22.	 Doan HT, Quan LH, Nguyen TT. The effectiveness of transdermal 
testosterone gel 1% (Androgel) for poor responders undergoing in 
vitro fertilization. Gynecol Endocrinol. 2017;33(12):977-979.

	23.	 Saharkhiz N, Zademodares S, Salehpour S, Hosseini S, Nazari L, 
Tehrani H The effect of testosterone gel on fertility outcomes in 
women with a poor response in in vitro fertilization cycles: a pilot 
randomized clinical trial. J Res Med Sci. 2018;23(1):3.

	24.	 Walters KA, Rodriguez Paris V, Aflatounian A, Handelsman DJ. 
Androgens and ovarian function: translation from basic discovery 
research to clinical impact. J Endocrinol. 2019;242(2):R23-R50.

How to cite this article: Hoang QH, Ho HS, Do HT, Nguyen 
TV, Nguyen HP, Le MT. Therapeutic effect of prolonged 
testosterone pretreatment in women with poor ovarian 
response: A randomized control trial. Reprod Med Biol. 
2021;20:305–312. https://doi.org/10.1002/rmb2.12383

https://doi.org/10.1002/rmb2.12383

