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Abstract This retrospective cohort study observed the live birth rates as well as cumulative live birth rates in women with poor ovarian
response (POR) undergoing IVF-embryo transfer treatment, stratified for age and cycle number. Four hundred and one patients with
POR diagnosed according to the Bologna criteria were enrolled and 700 IVF-ET cycles were analysed. The overall live-birth rate per
cycle was 18.3%. From cycle 1 up to cycle 3, the live-birth rates decreased significantly from 22.2% to 11.1%. The live-birth rate fell
to 2.4% in cycles 4 and over. When age advanced, the live birth rates decreased obviously (P < 0.01): 30.0% for women <35 years
old, 17.0% for those 35-40 years old, and 9.0% for women older than 40 years. Similarly, the cumulative live birth rates dropped
from 48.0% (<35 years) to 16.9% (=40 years) accordingly. Younger patients (<35 years old) with POR achieved better pregnancy results
compared with patients of advanced age. Extremely low live-birth rates could be anticipated after three unsuccessful cycles; there-
fore it may not be appropriate to suggest more IVF cycles in POR women. o 8
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Introduction

Since the first report of a woman who manifested a peak value
of oestrogen <300 pg/ml during ovarian stimulation in 1983
(Garcia et al., 1983), poor ovarian response (POR) has become
amajor challenge for clinicians. The prevalence of POR ranges
from 9% to 24% in IVF treatment (Ubaldi et al., 2005). Al-
though different protocols and adjuvants for ovarian stimu-
lation have been proposed to improve ovarian response, it
seems that patients with POR benefit little from the inter-
ventions (Pandian et al., 2010; Venetis et al., 2010). Fur-
thermore, disagreement on the definition of POR limited the
comparison and generalization of results from different clini-
cal trials until the Bologna consensus was published in 2011
(Ferraretti et al., 2011; Polyzos and Devroey, 2011). Poor preg-
nancy results, such as live-birth rate (LBR) per cycle being less
than 10% and varying from 2.6% to 8.3%, similarly, and LBR
per woman varying from 7.4% to 20.5%, have been reported
(Busnelli et al., 2015; Ke et al., 2013; La Marca et al., 2015;
Polyzos et al., 2012, 2014). However, few comparative data
about LBR and cumulative live-birth rate (CLBR) in repeated
cycles have been published until now. CLBR instead of LBR
per cycle provides a reference for continued treatment for
individual patients.

It has been established that both LBR and CLBR decline with
increasing maternal age for an infertile population (Luke et al.,
2012; Malizia et al., 2009; Stern et al., 2010). According to
previously published reviews applying different diagnostic cri-
teria for POR, young patients established more pregnancies
compared with older patients with POR (Oudendijk et al.,
2012). However, in most studies using Bologna criteria, no as-
sociation between age and LBR has been revealed (Polyzos
et al., 2012, 2014, 2015).

The aim of the present study was to observe the LBR and
CLBR in 401 patients with POR diagnosed according to the
Bologna criteria, undergoing consecutive cycles of IVF/
intracytoplasmic sperm injection (IVF/ICSl)-embryo trans-
fer, and compare the pregnancy results among different age
and after multiple treatment cycles.

Materials and methods

This research was approved by Institutional Review Board of
Reproductive Medicine of Shandong University on 29 October
2015 (IRB reference number 1827). Four hundred and one
women with POR diagnosed according to the Bologna crite-
ria (Ferraretti et al., 2011) were enrolled, and underwent their
first IVF/ICSI-embryo transfer treatment cycles from January
to December of 2013 in the Reproductive Hospital Affiliated
to Shandong University. All consecutive cycles were fol-
lowed. The Bologna criteria were applied as follows.

At least two of the three features should be present:
(i) advanced maternal age (=40 years) or any other risk factors
for POR (previous ovarian surgery, ovarian endometrioma,
genetic abnormalities for POR, previous chemotherapy);
(ii) a previous POR (<3 oocytes retrieved with a conven-
tional stimulation protocol using at least 150 IU gonadotro-
phin for initiation); and (iii) an abnormal ovarian reserve test
(i.e. antral follicle count (AFC) <5 follicles or anti-Miillerian
hormone (AMH) <1.1 ng/ml).

Two episodes of <3 oocytes retrieved with a conven-
tional stimulation protocol in the absence of advanced ma-
ternal age (>40 years) and abnormal ovarian reserve tests were
also included. Patients (n = 7) were excluded if they pursued
treatment for preimplantation genetic diagnosis or screen-
ing (PGD/PGS). Patients (n = 10) with remaining embryos
cryopreserved for transfer were removed.

Different ovarian stimulation protocols were applied in this
study and included: gonadotrophin-releasing hormone (GnRH)
agonist short protocol, GnRH agonist long protocol, natural
cycle, microdose flare-up protocol, GnRH antagonist proto-
col, and ultra-long protocol (Kahraman et al., 2009; La Marca
et al., 2015; Polyzos et al., 2012; Sunkara et al., 2014). During
ovarian stimulation for women showing poor response ad-
justments, including high dose of gonadotrophin for initia-
tion and prolonged stimulating period, were made. No
adjuvants such as dehydroepiandrosterone, growth hormone,
testosterone or melatonin were used during treatments.

Outcome measures

LBR per cycle, LBR per woman, and CLBR were calculated.
Live birth was defined as the delivery of at least one live-
born infant after >28 weeks’ gestation. Both fresh and frozen
embryo transfers were included to calculate cumulative live
birth.

Statistical analysis

Data were expressed as mean + standard deviation (SD) for
continuous variables following normal distribution, median
(interquartile range) for continuous variables following non-
normal distribution, and the numbers (percentage) for cat-
egorical variables. Comparisons of LBR and CLBR among
different groups were performed using the chi-squared test
and Fisher’s exact test. Multivariable logistic regression analy-
sis was performed to identify potential factors contributing
to live birth. SPSS version 19.0 (Armonk, NY, IBM Corp.) was
used for analysis. The two-tailed value of P < 0.05 was con-
sidered statistically significant. P-value was corrected ac-
cording to Bonferroni adjustment when making multiple
comparisons among groups.

Results

The overall LBR per cycle was 18.3% in the 401 women un-
dergoing 700 cycles of IVF/ICSI-embryo transfer. The CLBR
per woman was 31.9%. The protocols for ovarian stimulation
included: GnRH agonist short protocol (n=495), GnRH agonist
long protocol (n=83), natural cycle (n=56), microdose flare-
up protocol (n = 36), GnRH antagonist protocol (n =21), and
ultra-long protocol (n=9). The median number (interquartile
range) of oocytes retrieved was 3 (2-5). The median number
(interquartile range) of embryos obtained per cycle was 2.0
(1.0-2.0). Considering different ovarian stimulation proto-
cols may affect the outcome of IVF, multivariable logistic re-
gression analysis has been performed and no association
between ovarian stimulation protocols and LBR was revealed.
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Table 1 Clinical characteristics of patients with poor ovarian
response (n = 401).

Characteristics bata

Age (years)® 37 (32-40)

BMI (kg/m?)° 23.82+3.42
Duration of infertility (years)® 4 (2-8)
Nulliparity<, n (%) 148 (36.9)

Basal serum FSH (IU/ml)? 8.17 (6.80-10.40)
Bilateral AFC* 7 (5-9)

AMH (ng/ml)?
Causes of infertility*

0.57 (0.29-0.86)

Tubal factor, n (%) 289 (72.1)
Male factor, n (%) 52 (13.0)
Endometriosis, n (%) 34 (8.5)
Unexplained, n (%) 21 (5.2)
Oligo-/anovulation, n (%) 5 (1.2)
Risk factors for POR®
Age >40 years, n (%) 148 (36.9)
Ovarian endometriomas, n (%) 31 (7.7)
Ovarian surgery, n (%) 92 (22.9)
X chromosome abnormality?, n (%) 1 (0.2)
AMH <1.1 ng/ml, n (%) 360 (89.8)
Bilateral AFC <5, n (%) 64 (16.0)

AFC = antral follicle count; AMH = anti-Miillerian hormone; BMI = body
mass index; FSH = follicle-stimulating hormone; POR = poor ovarian
response.

2Data were expressed as median (interquartile range) for continu-
ous variables not normally distributed.

®Data were expressed as mean + SD for continuous variables nor-
mally distributed.

‘Data were expressed as the numbers (percentage) for categorical
variables.

dKaryotype 47, XXX.

The clinical characteristics of all participants are pre-
sented in Table 1. Among them, 148 (36.9%) women were over
40 years old, and 92 patients (22.9%) had a history of ovarian
surgery, including ovarian cystectomy (n = 37), excision of
ovarian endometriomas (n = 31), excision of ovarian tera-
toma (n=12), laparoscopic bilateral ovarian drilling (n =5),
unilateral oophorectomy (n = 5), ovarian repair of corpus
luteum cyst rupture (n=1), excision of ovarian abscess (n=1).

Table 2 shows the LBR and CLBR. From cycle 1 to cycle
3, the LBR per cycle decreased significantly (P < 0.01), from
22.2% in the first cycle to 11.1% in the third cycle. The CLBR
increased from 22.2% to 31.7% accordingly. Extremely low LBR
(2.4%) was obtained in patients with four consecutive cycles
or more.

The LBR and CLBR stratified by age are shown in Table 3.
Age was divided into three groups and different LBR were ob-
served; i.e. 30.0% for women younger than 35 years of age,
17.0% for those aged 35-40 years, and 9.0% for women ex-
ceeding 40 years of age (P < 0.01). The CLBR was signifi-
cantly higher for young patients aged <35 years (48.0%),
compared with 30.1% for those aged 35-39 years, and 16.9%
for women exceeding 40 years of age (P < 0.01). In the first
cycle, younger patients (i.e. < 35 years old) showed higher
LBR (36.0%) compared with older women (i.e. 19.4% for 35-40
years old and 10.1% for >40 years old) (P < 0.01). However,

these differences between young and old patients disap-
peared among the third and subsequent treatment cycles.

Multivariable logistic regression analysis showed that age
and ovarian surgery history are associated with the LBR. The
OR for live birth were 0.90 (95%Cl: 0.86-0.94) and 2.22 (95%Cl:
1.34-3.70), respectively.

Discussion

The present study compared the LBR and CLBR in patients with
POR fulfilling the Bologna criteria among IVF/ICSI cycles and
at different ages. A low but reasonable CLBR (31.9%) was ob-
served, especially for patients younger than 35 years old
(48.0%). The majority of live births (99.2%) were achieved
during the first three cycles.

The only study reporting CLBR for patients with POR, ac-
cording to the Bologna criteria, was published by Ke H et al.,
who reported CLBR of 13-21% for three ovarian stimulation
IVF cycles (Ke et al., 2013). In the present study, higher LBR
per cycle (18.3%) and CLBR (31.9%) were observed com-
pared with 2.6-6.3% of LBR per cycle and 7.4-9.9% of LBR per
woman in prior investigations (Busnelli et al., 2015; La Marca
et al., 2015; Polyzos et al., 2012, 2014). One of the possible
explanations is the different age composition in patients en-
rolled. Fewer women exceeding 40 years (36.9%) were in-
cluded in the present study, whereas nearly 50% and 80%
women of advanced age were included in the aforemen-
tioned studies (Busnelli et al., 2015; La Marca et al., 2015;
Polyzos et al., 2014). For women of advanced age a similar
low LBR (9.0%) was found in the present study. The latter find-
ings are consistent with previous reports with LBR varying from
4.5% up to 9.7% of LBR (Klipstein et al., 2005; Ron-El et al.,
2000; Tsafrir et al., 2007). Another explanation might be that
in our study more oocytes were retrieved compared with other
studies (Busnelli et al., 2015; La Marca et al., 2015; Polyzos
et al., 2014). More obtained oocytes may result in better preg-
nancy results (Baka et al., 2006; Polyzos et al., 2014; Sunkara
et al., 2011; Timeva et al., 2006; Ulug et al., 2003).

It has been reported that 90% of pregnancies were achieved
in the first three cycles of IVF-embryo transfer (Vrtacnik et al.,
2014; Witsenburg et al., 2005). Stern et al. reviewed 27,906
cycles of IVF/ICSI-embryo transfer and demonstrated increas-
ing CLBR during the first four cycles. During the subsequent
cycles, no significant increase in pregnancies rate was achieved
(Stern et al., 2010). Similarly, most live births were ob-
tained during the first three cycles in this study. The Ethics
Committee of the American Society for Reproductive Medi-
cine recommends that clinicians can refuse or stop provid-
ing fertility treatment for those whose prognosis is very poor
or futile (“futility” being defined as treatment that has a <
1% chance of achieving a live birth; “very poor prognosis” being
defined as treatment for which the odds of achieving a live
birth range from 1% to 5% per cycle) (Ethics Committee of
American Society for Reproductive Medicine, 2012). Given this
low rate of live birth (2.4%), a treatment consisting of more
than three cycles of IVF in women with POR should not be
recommended.

It has been shown that female fertility tends to diminish
along with increasing age, finally leading to poor pregnancy
results during infertility treatment. Moreover, pregnancies are
often accompanied by complications in older women. A
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Table 2 Rates of live birth and cumulative live birth during IVF cycles (n = 700).

Consecutive cycles Cycle 1 Cycle 2 Cycle 3 >Cycle 4 P-value
Total cycles (n) 401 194 63 42

Live births (n) 89 31 7 1

LBR/cycle (%) 22.2%bc 16.0>¢ 11.1 2.4 <0.01
CLBR (N) 89 120 127 128

CLBR/woman (%) 22.2%bc 29.9°¢ 31.7 31.9 <0.01

CLBR = cumulative live-birth rate; LBR = live-birth rate.
aSignificant difference was found compared with cycle 2. (Bonferroni corrected P-value of 0.008

[6 tests in total] was set as the threshold.)

bSignificant difference was found compared with cycle 3. (Bonferroni corrected P-value of 0.008

[6 tests in total] was set as the threshold.)

<Significant difference was found compared with the group of >4 consecutive cycles. (Bonferroni
corrected P-value of 0.008 [6 tests in total] was set as the threshold.)

Table 3 Live-birth rates and cumulative live-birth rates stratified by age and cycle number.

<35 years 35-39 years >40 years P-value
(n =150) (n=103) (n =148)

Cycle 1

Cycles (n) 150 103 148

Live births (n) 54 20 15

LBR/cycle (%) 36.0°° 19.4 10.1 <0.01
Cycle 2

Cycles (n) 64 50 80

Live births (n) 16 8 7

LBR/cycle (%) 25.0° 16.0 8.8 0.02
Cycle 3

Cycles (n) 16 16 31

Live births (n) 1 3 3

LBR/cycle (%) 6.3 18.8 9.7 NS
>Cycle 4

Cycles (n) 10 13 19

Live births (n) 1 0 0

LBR/cycle (%) 10.0 0 0 NA
Total

Cycles (n) 240 182 278

CLBR (n) 72 31 25

LBR/cycle (%) 30.0° 17.0° 9.0 <0.01

CLBR/woman (%) 48.0°° 30.1 16.9 <0.01

CLBR = cumulative live-birth rate; LBR = live-birth rate; NA = not available; NS = not statistically
significant.

aSignificant difference was found compared with the group aged < 35 years. (Bonferroni corrected
P-value of 0.017 [3 tests in total] was set as the threshold.)

bSignificant difference was found compared with the group aged > 40years. (Bonferroni corrected

P-value of 0.017 [3 tests in total] was set as the threshold.)

systematic review, including 19 studies applying different POR
definitions, concluded that younger patients had higher preg-
nancy rates compared with older women (Oudendijk et al.,
2012). Similarly, in the present study younger patients also
had a reasonable CLBR. However, it should be noted that the
advantage of higher LBR for younger patients only existed during
the first two cycles and the difference vanished in cycle 3.
As already known, the quantity and quality of oocytes
equally contribute to pregnancy results in older women. Nowa-
days, the markers for ovarian reserve, such as AFC and AMH,
are better at predicting the number of oocytes rather than

oocyte quality (Broer et al., 2009, 2013; Ferraretti and
Gianaroli, 2014). Few predictors for oocyte quality are avail-
able except for age (Broer et al., 2013). Hence, stratifica-
tion according to age in women with POR might be helpful
to predict the outcome of assisted reproductive treatment.
Our findings suggest that patients with POR or high risk for
POR should seek infertility treatment as early as possible.
Treatments for POR patients have long been a tough chal-
lenge for reproductive specialists. We calculated LBR and CLBR
in a large POR population during consecutive treatment cycles.
Our major findings do provide good information for patients
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with POR to help with balanced decision-making about
their infertility treatment. Meanwhile, the present study
defining POR according to the Bologna criteria is capable of
providing comparative data for new treatment strategies.
Still, some limitations should be held in mind. First, thisis a
retrospective, single-centre, and observational cohort study,
instead of prospective randomized clinical trial. Secondly,
other factors impacting on the outcome of assisted repro-
ductive treatment, such as endometrial receptivity and male
factor, were not considered when analysing LBR and CLBR.

Younger patients with POR fulfilling the Bologna criteria
showed a reasonable LBR during the first three treatment
cycles, in contrast to older women with POR. More IVF treat-
ments after three unsuccessful cycles are not indicated to be
efficient for patients with POR.
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