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ABSTRACT
Objective: The objective of the study was to evaluate the changes in the prevalence, 
management strategies, and cycle outcomes of the cycle with the poor ovarian re-
sponse (POR).
Material and Methods: This study was retrospectively designed. Poor responder in-
fertile women who fulfilled Bologna criteria were included in the study. Data were ob-
tained from medical records of infertile couples who underwent the intracytoplasmic 
sperm injection and embryo transfer program from January 2014 to December 2018.
Results: Totally 776 cycles with POR were evaluated. The changing trend in the prev-
alence of the cycle with POR was estimated by rejecting the null hypothesis that 
there is no linear trend in the proportion of poor cycles across years (χ2(1)=9.28, 
p=0.002). A linear increasing trend in the proportion of poor cycles in the 5 years was 
found. A linear increase in the prefer of the antagonist protocol was found (χ2(1)=6.61, 
p=0.010), whereas there was a linear decrease in the minimal stimulation protocol 
with Clomiphene Citrate (χ2(1)=11.028, p<0.001). An increase in the usage of recom-
binant follicle-stimulating hormone (rFSH)/human menopausal gonadotropin (HMG) 
together was found (χ2(1)=76.28, p<0.001), whereas there was a decrease in the 
usage of the only FSH or HMG (χ2(1)=18.11 p<0.001; χ2(1)=18.62, p<0.001). There 
was no change in the trend of cycle outcomes during 5 years period.
Conclusion: There is a clear increasing trend in the prevalence of cycles with POR 
over the 5 years. Ovarian stimulation protocols and choice of gonadotropins have 
shown a changing trend.
Keywords: Bologna criteria, intracytoplasmic sperm injection, ovarian stimulation 
protocols, poor ovarian response, prevalence, trend.
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INTRODUCTION
The first poor ovarian response (POR) definition was reported by 
Garcia et al.[1] A standardized definition of POR was established 
by the recent European Society of Human Reproduction and Em-
bryology (ESHRE) Consensus Conference.[2] Additionally, the first 
internationally accepted definition of PORs was announced by the 
ESHRE consensus called as Bologna criteria, which has been 
used by Asian Researchers with 65% and Europeans with 49%.[3] It 
is followed by the POSEIDON criteria classifying infertility patients 
with “expected” or “unexpected” inappropriate ovarian response to 
exogenous gonadotropins.[4]

In the infertile women population, the reported prevalence of 
PORs has exponentially grown and markedly fluctuated between 
5.6% and 35.1%.[5–8] Since the first description, several hundred re-
searches have been published about POR and PORs.[9,10] Through 
the accumulation of data, PORs and the cycles with poor response to 
controlled ovarian stimulation (COS) are the most challenging issues 
in the field of fertility treatment. The troubles in this area could be 
sorted as heterogeneity of POR population, the uncertainty of single 
pathophysiology, low or absence of oocytes yield, high cycle cancel-
lation rates, poor embryo quality, high implantation failure, and low 
pregnancy rates.[8,11–13] An increase in the infertile women population 
with decreased reproductive potential by aging, rise in the successful 
treatment expectation of patients by introducing newer technologies 
has also forced physicians.[14]

According to the latest data of the 2011–2015 National Sur-
vey of Family Growth on infertility released on Center for Disease 
Control and Prevention, more than 7 million women of the approx-
imately 61 million women aged 15–44 years (12%) had admitted 
any infertility units and almost 7% of married women aged 15–44 
years were unable to get pregnant after at least 12 consecutive 
months of trying to conceive.[15] In the different infertile women 
populations, there is a considerable changing trend in several as-
pects over the decades.[16] In this study, we focused on the poor 
responder infertile women’s group that fulfilled Bologna criteria. 
Knowledge about the prevalence of cycle with POR and the novel 
trends in the treatment of cycle with POR is vital for the counseling 
and the managing of poor responder women in clinical practice. 
Furthermore, this knowledge offers to clinicians an opportunity to 
rearrange the medical sources and the facilities taking into ac-
count trends in the treatment protocol and its outcomes. In this 
study, we aimed to assess the changes in the POR cycle in terms 
of the prevalence, the management strategies, and the cycle out-
comes over 5 years.

MATERIAL AND METHODS
This study was designed retrospectively and conducted at the Assist-
ed Reproduction Unit of the Zeynep Kamil Women’s and Children’s 
Hospital, İstanbul, Türkiye. Data were obtained from medical records 
of infertile couples who implemented the intracytoplasmic sperm in-
jection (ICSI) and an embryo transfer program from January 2014 
to December 2018. Local ethics committee approval was obtained 
for the study (approval number: 05/06/2015-90). The study was con-
ducted under the Declaration of Helsinki Principles.

In this study, approximately 5663 cycles of obtained medical re-
cords were evaluated. At first, cycles with initial gonadotropin dose 
above/and 300 IU were evaluated. Poor responder women were 
selected according to the Bologna criteria: (1) Age (≥40 years) or 
have any other risk factors; (2) a previous POR (cycle cancelled or 
≤3 oocytes with conventional stimulation protocol), or (3) abnormal 
ovarian tests (antral follicle count (AFC) of <5–7 follicles or anti-Mul-
lerian hormone (AMH) level of <0.5–1.1 ng/ml).[2] Infertile women 
corresponded to at least two of Bologna criteria were included in the 
study. Women with a male partner with azoospermia (no spermato-
zoa in the ejaculate) or severe oligozoospermia with a sperm count of 
<5.0 million/ml ejaculate fluid were excluded from the study. Finally, 
776 cycles belong to 536 infertile women corresponding study criteria 
were included in the study.

All treatment protocols, that were used daily, highly purified hu-
man menopausal gonadotropin (HMG) (75 IU, Menopur, Ferring, 
Istanbul, Türkiye), recombinant follicle-stimulating hormone (rFSH) 
(450 IU, Gonal-F, Merck, Istanbul, Türkiye), or the combination of 
them, were performed as described previously.[17] When at least one 
follicle reached 17-mm in diameter or above, ovulation was triggered 
using recombinant human chorionic gonadotropin (rec-hCG) (250 µg, 
Ovitrelle, Serono, İstanbul, Türkiye). Oocytes were retrieved using 
trans vaginal ultrasound-guided double lumen needle aspiration after 
34-35 h rec-hCG injection. Standard procedures were performed for 
the ICSI techniques, the follow-up fertilization and gamete-embryo 
development, and the embryo transfer. The luteal phase was sup-
plemented by administering daily vaginal progesterone gel (Crinone 
8%, Merck, Istanbul, Türkiye) and continued until menstruation or 8 
weeks of gestation.

Patient characteristics were assigned as age, AMH level, 3rd day of 
FSH, E2 level, and AFC. The presence of concomitant adnexal patholo-
gy (i.e., Persistent ovarian cyst ≥4 cm, endometrioma, or tubal patholo-
gy) and the number of previous cycles were also evaluated. The cycles 
attempted in our clinic were evaluated. The history of previous cycles 
that were performed elsewhere was not included in the database.

Stimulation properties were defined based on controlled ovarian 
hyperstimulation (COH) protocols. Treatment protocols administered 
to patients were (1) flexible gonadotropin-releasing hormone (GnRH) 
antagonist protocol, (2) microdose flare-up protocol, (3) minimal stim-
ulation protocols with clomiphene citrate (CC), and (4) GnRH agonist 
long protocol. Ovarian stimulation protocols, kind of used gonadotro-
phin, the total dosage of gonadotrophins, duration of ovarian stimu-
lation (number of days) were recorded. E2 level, at 8th day and on 
hCG administration day were obtained from medical records. Cycle 
cancellation was defined as the presence of the ovarian hyperstim-
ulation cycle discontinued before the egg retrieval step due to no 
follicle growing.

Cycle outcomes were defined as the follicle count of developing 
in different sizes at the 8th day of the cycle and on hCG administration 
day, the dominant follicle (≥14 mm) on hCG day. After oocyte retrieval, 
total oocyte and mature oocyte count, as well as empty follicle count, 
were obtained from cycle records. The oocyte maturity rate (MII oocyte 
number/total oocyte number), oocyte yield (total number of oocytes 
retrieved/AFC), and mature oocyte yield (number of mature oocytes 
retrieved/AFC) were calculated as previously defined and evaluated 



Bozdağ et al. Poor ovarian responders according to Bologna criteria

September 2022

Zeynep Kamil Med J 2022;53(3):132–139

134

trend of these outcomes in 5 years period.[18] The top-quality embryo 
was defined according to the ESHRE İstanbul consensus workshop 
on embryo assessment based on the observed morphology.[19] Fol-
lowing the ICSI procedure, the count of fertilized oocytes, top-quality 
embryos, and transferred embryos was recorded. Biochemical preg-
nancy was confirmed by a serial rise in serum human chorionic go-
nadotropin (hCG) concentrations 12 d after the embryo transfer.

Statistical Analysis

The numerical variables were presented as median (IQR), min-max 
values depending on their distributions. The distribution of the nu-
merical variables was assessed using QQ, PP plots, skewness, 
kurtosis values, and Shapiro–Wilk’s test. The numerical variables 
were compared among five groups using the Kruskal–Wallis test. 
The significant Kruskal–Wallis ANOVA test was followed by pairwise 
comparison using the Mann–Whitney U test where the Bonferroni ad-
justed p values (p<0.05 was statistically significant) were calculated. 
The results of the pairwise comparisons were given in the table with 
letters where groups with the same letter were not significantly differ-
ent. Categorical variables were summarized by frequencies and per-
centages. The changes in the proportions of cycle number, presence 
of empty follicle, and cycle cancellation over 5 years were evaluated 
using the Cochran Armitage Trend test. The results were presented 
in the table. Over 5 years, the change estimates of the prevalence 
of poor cycle, the COH protocols (flexible GnRH antagonist protocol, 
microdose flare-up protocol, minimal stimulation protocols with CC 
and GnRH agonist long protocol), and the kind of used gonadotro-
phins (HMG, rFSH and the combination of gonadotropins) were eval-
uated with Cochrane-Armitage trend test and presented as figures. 
The statistical analyses were conducted using R 4.0 and p<0.05 was 
considered statistically significant.

RESULTS
Between 2014 and 2018 years, there were 776 cycles of 536 infer-
tile women with POR that met the study criteria. We evaluated the 
changing trend of the prevalence of the cycle with POR at 5 year 
period. At first, we rejected the null hypothesis (χ2(1)= 9.28, p=0.002) 
that there is no linear trend in the proportion of poor cycles across the 
years. We calculated the changing trend using the Cochrane-Armit-
age trend test. We found that there appears to be a linear increase 

in the proportion of poor cycles in the 5 years (p=0.002). The result 
is given in Figure 1.

We also analyzed the change in the used COS protocols. We 
rejected the null hypothesis that there is no linear trend in the change 
of antagonist protocol and minimal stimulation protocols with clomi-
phene protocol across years (χ2(1)=6.61, p=0.010 and χ2(1)=11.028, 
p<0.001, respectively). There appears to be a linear increase in the 
change of the proportion of antagonist protocol, whereas there is a 
linear decrease in the proportion of minimal stimulation protocol with 
CC as years progress. The other two COS protocols did not show 
any significant changing trend over the years. The results are pre-
sented in Figure 2.

The trend analyses were calculated for the proportion of the dif-
ferent gonadotropin used. We reject the null hypothesis that there is 
no linear trend in the proportion of using alone rFSH, alone HMG, 
and the combination of rFSH and HMG across years (χ2(1)=18.11, 
p<0.001; χ2(1)=18.62, p<0.001; χ2(1)=76.28, p<0.001, respectively). 
There appears to be a linear increase in the proportion of the combi-
nation of gonadotrophins use, whereas there is a linear decrease in 
the proportion of only FSH or HMG usage as years progress (Fig. 3).

We reject the null hypothesis (χ2(1)=4.26, p=0.039) that there is 
no linear trend in the rate of cancelled cycle cross years. The sample 
estimate of the rate of the cancelled cycle in each year is given in Ta-
ble 1. There appears to be a linear increase in the rate of a cancelled 
cycle as the years ‘progress.
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Figure 1: Trend of controlled ovarian cycle with poor ovarian response in 
the period between 2014 and 2018.
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Figure 2: Changing trend in the used controlled ovarian stimulation pro-
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The parameters including the patient and cycle characteristics 
didn’t show a linear trend. The mean age in 2014 was significantly 
lower than the mean in 2018. The cycles in the 2017 year had sig-
nificantly higher AFC compared to ones in 2015 and 2018 (p<0.001 
and p=0.033, respectively). The AMH levels in 2018 were significant-
ly higher than both in 2015 and in 2016 (p=0.007 and p=0.001, re-
spectively); levels in 2016 were lower than in 2017 (p=0.014). E2 
level at 8th day and on the hCG administration day, gonadotrophin 
dose used, ovulation induction duration did not show any significant 
difference among the years.

There was no significant change in the trend of cycle outcomes 
during 5-year period. Among the cycle outcomes, the number of fol-
licles in 11–14 mm size at 8th days in 2015 was higher than the ones 
in 2016 (p=0.03), and in the 2014 year, the follicle reached 15–16 
mm size was higher compared with ones in 2017 (p=0.02). The 
other cycle outcomes including the presence of empty follicles, the 
oocyte data (the number of total oocytes and mature oocytes, the 
oocyte maturity rate, the oocyte yield, and the mature oocyte yield), 
the count of fertilized oocytes, and the embryo data (number of the 
top-quality embryo and transferred embryo count as well as transfer 
day) did not show significant change during 5 years period.

Concomitant adnexal pathologies were found totally as per-
sistent ovarian cyst ≥4 cm (n=46), endometrioma (n=31), or tubal 
pathology (n=6).

DISCUSSION
In this study, we evaluated the changing trend of the prevalence of 
the ICSI cycle with POR in the large infertile women population over 
the 5 years. We also analyzed the change in the treatment protocols 
that preferred to cope with challenges in the poor response cycles 
during this period and in the kind and dosage of gonadotropins used. 
Furthermore, we evaluated alterations in the outcomes of the treat-
ment cycle over this period. We obtained several data about changes 
in the management strategies used for infertile women with POR and 
their consequences. Our results have shown that there is an increas-
ing trend in the prevalence of poor ovarian responder cycle with the 
highest rate being 19.16% in 2017. According to the latest data, most 
of the clinics revealed an increase in the incidence of PORs during 
the past 10 years. Data provided by the Society for Assisted Repro-
ductive Technologies Clinic Online Reporting System indicated that 
the rate of diminished ovarian reserve (DOR) diagnosis increased 
from 19% in 2004 to 26% in 2011 and there was a 3.6% increase 
in the percentage of women older than 40 years of age at the cycle 
start.[11] Devine et al.[11] showed that there was an increase in the 
prevalence of DOR in patients who were <40 years old with 42% in 
2011. In the USA, it was reported that 15% of patient underwent ART 
had DOR diagnosis in 2010, while in 2016 this rate raised to 31% and 
it reached to 32% in 2017.[20–22] These reports have revealed that the 
PORs population accounts for a substantial subset of women treated 
in IVF clinics nowadays.

Ageing is one of the several possible causes of diminished ovar-
ian reserve. Naturally, the number of follicles tends to decrease as 
women’s age increase and accelerates after 35 years of age.[23] From 
USA, ART, National Summary Reports showed that patients older 
than age 35 represented approximately 61% of all ART cycles per-

formed in 2010 and approximately 62% of all ART cycles performed 
in 2016.[20,21] It also reported that the proportion of women aged above 
39 years utilizing IVF and ICSI treatment gradually increased in Euro-
pean countries over the 15 years.[24] The results of the current study 
have shown that the age of poor responder women is in increasing 
trend with the highest median age of 38 years in 2018. Due to social 
or economic reasons, women have postponed their pregnancies. On 
the other hand, to easily accessible and affordable to ART cycles have 
encouraged infertile women of advanced age to attempt infertility clin-
ics.[25] However, new technologies and treatment modalities have still 
been experimenting with and had debatable outcomes.[26,27] These 
new attempts have encouraged women of advanced age to demand 
infertility treatment. As a consequence, fertility clinics have encoun-
tered advanced-age women who are in the reproductive desire.

In this study, both median serum AMH levels and AFC were found 
a value lower than defined in the Bologna criteria.[2] Poor responder 
women population in 2016 had a lower AMH level compared with 
between 2017 and 2018. The highest median AFC was in 2017 and 
significantly higher compared with the value in 2015 and 2018 years. 
This fluctuation in AMH level and AFC did not show any significant 
trend among years and create any bias in terms of criteria included 
in the study. Nowadays, the basal (day 3) AFC and the serum AMH 
levels obtained at any time in the menstrual cycle are two valuable 
markers to predict POR to gonadotropins.[28] However, there are dif-
ferent results reported about which marker is the strongest predictor 
of ovarian response.[29,30] They have a similar predictive value for the 
poor response and have been used as a marker to predict ovarian 
reserve in the Bologna and POSEIDON criteria.[2,4]

The principle of COH is based on stimulation of the ovaries with 
gonadotrophin to achieve multiple follicles. Several treatment pro-
tocols have been proposed to obtain adequate follicle recruitment 
in PORs. These protocols may be grouped as pituitary down-reg-
ulation using GnRH agonists or antagonist protocols, and modified 
with different gonadotropins, CC, and adjuvant therapies such as the 
oral contraceptive pill, steroids, progestin’s, L-arginine, and growth 
hormone.[31] The selection of treatment protocol has been performed 
based on the previous treatment outcomes. If no previous cycle has 
been performed, the choice is attempted according to clinics’ expe-
rience or clinicians’ preference taking into account patients’ ovarian 
reserve, age, BMI. In this study, we found that the use of the antag-
onist protocol showed a linear increase trend, whereas the minimal 
stimulation protocol with CC had a decreasing trend. There was no 
change in the trend of using microdose flare-up protocols and GnRH 
long protocol. Several trials are comparing these protocols in terms 
of the total dose of gonadotropin, the number of oocytes obtained, 
and treatment outcomes. But there is no strong evidence to claim 
the use of any one of the particular interventions is superior to the 
others to improve the treatment outcomes in poor responders in 
IVF/ICSI cycles. Pooled data have demonstrated that in the GnRH 
antagonist group, the number of oocytes retrieved was significantly 
more and the total dose of gonadotropin hormones was significant-
ly lower, compared with the conventional GnRH long protocol.[32,33] 
Data obtained from a worldwide survey showed that the GnRH an-
tagonist protocol was the most popular treatment modality in PORs 
with 52% and followed by the short GnRH agonist flare-up with 20% 
and the microdose protocols with 15%.[7] In the current study, the 
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most popular protocol was the GnRH antagonist protocol with 58.5% 
over 5 years. It was followed by microdose flare-up protocol, minimal 
stimulation protocols with CC, and GnRH agonist long protocol with 
28.3%, 11.6%, and 1.6% percentage, respectively. Treatment proto-
cols with CC have been used as a patient-friendly regimen to reduce 
the number of gonadotropins and the burden of hormone injections. 
A systematic review reported that there was no conclusive evidence 
indicating that protocols with CC led to an increase in live birth or 
pregnancy rates, either in the general IVF population or in the poor 
responders.[34–37] A decreasing trend in CC regimens in this study may 
be a reflection of this report in our clinical management.

Our results demonstrated that in the cycles with POR, there was 
an upward trend in the combined use of gonadotropins from 10.7% in 
2015 to 54.2% in 2018. The percentage of alone usage of gonadotro-
phins was found in decreasing trend for rFSH from 44.7% to 20.8% 
and for HMG from 44.7% to 25%. A Cochrane review has reported 
that there was no significant evidence of a difference between hMG 
and rFSH using in terms of ongoing pregnancy and/or live birth.[38] 
There is a tendency in the combined usage of gonadotropins. Ac-
cording to worldwide survey data, 42% of the responders reported 
that they were preferred to use HMG with rFSH. The percentage of 
alone rFSH or alone HMG usage was equal and reported as 20%.[7]

In this study, the cancelled cycle was defined as a cycle that was 
started with the intent to retrieve oocytes, but which was abolished 
before the oocyte retrieval. The percentage of cycles cancelled was 
in a significantly increasing trend. It reached 14.6% in 2015 to 25% 
in 2018. ART, National Summary Reports from the USA have report-
ed that about 10% out of all cycles using fresh nondonor eggs or 
embryos were discontinued before the egg retrieval step in 2010, 
and cancelled cycle reached about 12% of all cycles in 2016.[20,21] 
In these reports, no or inadequate number of eggs obtained from 
ovarian stimulation have been reported as a cause of IVF cycle can-
cellation in an approximate range from 81% to 84%.[20,21] According to 
the Italian national ART register, 9.9% of performed IVF cycles were 
cancelled before oocyte retrieval in 2010; of which 6.7% of IVF cycles 
were cancelled for POR.[28]

There is no consensus about how long day ovarian stimulation 
should be continued before cycle cancellation. It was reported that 
46% of cycles were stopped when treatment had no response after 
a minimum of 7–9 days; (31% after 4–6 days).[7] In this study, we 
found that the mean stimulation day to cancel the cycle for unre-
sponsiveness to gonadotropins was 9 days inconsistent with pre-
viously reported.

In the period from 2015 to 2018, our results showed that there 
were no differences in the cycle outcomes including the number of 
retrieved total and mature oocytes, the oocyte maturity rate, the oo-
cyte yield and the mature oocyte yield, the count of fertilized oocytes 
as well as the top-quality embryo and the number of the transferred 
embryo. Medical history, including ovarian or pelvic surgery due to 
endometriomas, ovarian cysts, tube or the other causes, and pres-
ence of persistent ovarian cysts greater than 40 mm diameter or 
endometriomas were also evaluated with trend analyses. However, 
these conditions are risk factors for POR.[2] We did not find an in-
creasing trend about these risk factors, concomitant with the upward 
trend of the prevalence of the cycle with POR.

The major pitfall of the current study is no data about live birth 
outcomes. When we evaluated the medical records of cycles, we 
showed that βhCG results were recorded, but the ultrasound infor-
mation about the fetal cardiac activity and live births were reported as 
verbal by patients and these data were recorded so. We thought that 
using verbal information might be creating a bias, so we decided not 
to include live birth outcomes in the analysis.

CONCLUSIONS
There is a clear increasing trend in the prevalence of cycle with POR 
over the 5 years. Aging is an obvious property of infertile women with 
POR. Our clinical management in the POR cycle has shown an alter-
ation effort, consistency with the infertility specialists as in the other 
country. The changing trends of treatment protocol seem to be a tool 
for dealing with poor outcomes. On the other hand, this effort seems 
to have no better results. Treatment outcomes have been continuing 
to be a disappointment for clinicians and patients.
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