
Cumulative live birth rates do not
increase after 4 complete cycles in
women with poor ovarian response: a
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Objective: To investigate whether the cumulative clinical pregnancy rates (CCPR) and cumulative live birth rates (CLBR) increase as the
oocyte retrieval cycle increases in women with poor ovarian response.
Design: Retrospective cohort study.
Setting: Not applicable.
Patient(s): Women diagnosed of poor ovarian response (POR) according to the Bologna criteria andwho completed in vitro fertilization
or intracytoplasmic sperm injection cycles between January 2014 and December 2018.
Intervention(s): Not applicable.
Main Outcome Measure(s): The conservative and optimistic estimations of CCPR and CLBR.
Result(s): The conservative and optimistic estimates of CCPR peaked at the 6th complete cycle, reaching 36.44% and 71.61%, respec-
tively. However, the conservative and optimistic estimates of CLBR peaked at the 4th complete cycle, reaching 20.22% and 38.31%,
respectively. The live birth rate per complete cycle of mild stimulation protocol was comparable to other protocols after adjusting
for the confounding factors. For patients %35 years, the live birth rate per complete cycle of progestin-primed ovarian stimulation
(adjusted odds ratio ¼ 0.51, 95% confidence interval: 0.30–0.87) and gonadotropin-releasing hormone antagonist protocol
(adjusted odds ratio¼0.45, 95% confidence interval: 0.24–0.81) were significantly lower than that of the mild stimulation.
Conclusion(s): It is not advisable to initiate more than four complete cycles for POR patients since CLBR do not increase after that. For
POR patients %35 years, the live birth rate per complete cycle increased in women with mild stimulation protocol. (Fertil Steril Rep�
2021;2:201–8. �2021 by American Society for Reproductive Medicine.)
Key Words: Controlled ovarian stimulation protocols, cumulative clinical pregnancy rates, cumulative live birth rates, poor ovarian
response
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P oor ovarian response (POR) is
defined as the failure of the
ovary to respond to the standard

stimulation protocol, leading to an
inadequate retrieval of oocytes from
patients (1). Thus, POR patients have
lower clinical pregnancy rates and live
birth rates following in vitro fertiliza-
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tion (IVF) and intracytoplasmic sperm
injection (ICSI) (2).

Clinical pregnancy rates and live
birth rates were previously used as
outcome parameters for IVF and ICSI,
calculated as the probability of
achieving pregnancy or live birth in
one embryo transfer cycle. But such pa-
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rameters are inadequate to evaluate the
success rates of one oocyte retrieval cy-
cle, given the fact that the embryos may
have been cryopreserved and trans-
ferred to the uterus in multiple cycles.
Cumulative clinical pregnancy rates
(CCPR) and cumulative live birth rates
(CLBR), which indicate the likelihood
of achieving pregnancy and live birth
per complete cycle (in which all the em-
bryos from one retrieval cycle are
transferred, or at least one live birth
has been achieved), are considered as
all-inclusive parameters (3). Previous
studies of CLBR in women with POR
undergoing IVF/ICSI have been incon-
sistent (4–6), varying from 14.9% to
201
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31.9% after 4–6 complete cycles. However, CCPR has not been
investigated in POR patients.

There is little consensus on the impact of controlled
ovarian stimulation protocols on the live birth rates of women
with POR. A meta-analysis suggested that no one protocol
was superior to the others (7). Other studies suggest that the
natural cycle protocol is associated with the lowest live birth
rate among all the protocols, and that the luteal phase ovarian
stimulation and gonadotropin-releasing hormone antagonist
(GnRH-ant) protocols are superior to the GnRH agonist
(GnRHa) long protocols (4). However, few studies have exam-
ined the effects of the controlled ovarian stimulation proto-
cols on patients of different age groups.

Based on current research, it is not clear whether
increasing oocyte retrieval cycles will increase the likelihood
of some patients to achieve live births. We hypothesize that
after several complete cycles, additional egg retrieval will
not benefit the patients due to increasing age and the poten-
tial damage brought by repeated ovarian stimulations.
Furthermore, mild stimulation protocol may result in higher
CLBRs by using a lower dose of gonadotropin.

Therefore, this study investigated the CLBR and CCPR in a
POR cohort with different age groups. Clinical pregnancy
rates per complete cycle, live birth rates per complete cycle
were analyzed and their compared with live birth rates per
complete cycle among different controlled ovarian stimula-
tion protocols.
MATERIALS AND METHODS
Study Design and Participants

This was a retrospective, single-center cohort study. It was
approved by the Ethics Committee of the Sixth Affiliated Hos-
pital of Sun Yat-sen University (Approval no.: 2017ZSLYEC-
0165). We included patients who were diagnosed of POR ac-
cording to the Bologna criteria [8] and were admitted to the
Reproductive Medicine Center of the Sixth Affiliated Hospital
of Sun Yat-sen University from January 2014 to December
2018 to receive IVF/ICSI. The exclusion criteria were: (I) having
some cryopreserved embryos from one oocyte retrieval left
while a live birth was yet to be achieved; (II) cases involving
oocyte thawing, donation, or preimplantation genetic testing.
All the patients had been followed up by telephone until April
2019. Also, cycles with missing values for any of the analyzed
predictors were excluded. Only the first clinical pregnancy was
considered if more than one clinical pregnancy was achieved
in a complete cycle. None of the participants achieved more
than one live birth. Patients were grouped according to their
age at the time of the first oocyte retrieval cycle: Group 1,
%35 years; Group 2, 36–40 years; Group 3, 41–43 years;
Group 4, R44 years. The CCPR, CLBR, and live birth rates
per a complete cycle were calculated and compared among
the groups.Within each group, the effects of controlled ovarian
stimulation protocols on LBR were evaluated.
Controlled Ovarian Stimulation Protocols

The controlled ovarian stimulation protocols were performed
as previously reported (8). For mild stimulation, an oral medi-
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cation (clomiphene 50–100 mg/day and letrozole 2.5–5 mg/
day) or an injectable medication (gonadotropin %150 IU/
day) without an antagonist was administered from the 2th or
3rd day of menstrual cycle continuously until the trigger
period. Alternatively, the drugs were administered for five
consecutive days from cycle day 2–3, after which no medica-
tion was taken until the trigger period. The progestin-primed
ovarian stimulation protocol (PPOS) included luteal phase
ovarian stimulation (when 150–300 IU/day of gonadotropin
was injected subcutaneously from the 1st-3rd day ofmenstrual
cycle after oulation until the trigger day) and follicular phase
regimen (when 150–300 IU/day of gonadotropin with 10 mg/
day of medroxyprogesterone acetate or 0.1g/day of progester-
one was administered between the 2nd and 3rd day of men-
strual cycle until the trigger day); GnRH-ant protocol (a
fixed protocol was adopted with 150–300 IU/day of gonado-
tropin being administered from either day 2 or day 3 of the
menstrual cycle to the trigger day. Six days later, 0.25 mg/
day of GnRH-ant was added until the trigger); GnRHa long
protocol (GnRHawas administered on the 20th day of themen-
strual cycle for about 14 days for pituitary down-regulation.
Once the serum LH < 5 IU/L, E2<50 pg/ml, and the endome-
trium thickness < 5 mm, gonadotropin was added until the
trigger day); modified long protocol (similar to the GnRHa
long protocol, except that the short-acting GnRHawas stopped
after 14 days), natural cycle, and others (including themodified
natural cycle [no gonadotropin was administered, human cho-
rionic gonadotropin was administered for the trigger when the
dominant follicles reached 18 mm in diameter], and short pro-
tocol [0.1 mg/day short-acting GnRHa and 150–300 IU/day
gonadotropin were administered simultaneously on the 2nd
and 3rd day of the menstrual cycle until the trigger]).

When at least two follicles reached 18 mm in diameter,
4000–10000 IU human chorionic gonadotropin was adminis-
tered for triggering. The follicles were aspirated after 36 hours.
The oocytes were fertilized by IVF or ICSI, depending on the
quality of the sperm cells. On day 3, the embryos were evalu-
ated by Scott’s criteria (9): grades I and II with R4 cells were
defined as transferable embryos; withR6 cells being of good
quality. For embryos transferred in fresh cycles, the day 3 em-
bryos accounted for the majority and the blastocysts ac-
counted for the minority. Surplus embryos were vitrified on
day 3 or day 5-6 as determined by the quality and quantity
of embryos and patients’ preferences (10).

For frozen-thawed embryo transfer cycles (FET), hormone
replacement treatment or natural cycle was adopted for endo-
metrium preparation. Luteal support continued to 10 gesta-
tional weeks if clinical pregnancy was confirmed by a
visible gestational sac through transvaginal ultrasound.
Live birth was defined as at least a live-born infant after 22
gestational weeks. Twins or multiple births in one parturition
were regarded as one live birth.
Outcome Measures

The primary outcomes were the conservative and optimistic
estimates of CLBR of women with POR. The secondary out-
comes were the conservative and optimistic estimates of
CCPR, clinical pregnancy rates per complete cycle, live birth
VOL. 2 NO. 2 / JUNE 2021



TABLE 1

Characteristics of patients during the initiating cycle in the overall and separate age groups.

Characteristics All
Group 1
£35 years

Group 2
36–40 years

Group 3
41–43 years

Group 4
‡44 years p

Number of cycles 2773 573 788 916 496
Age (years) 41 (36–43) 32 (30-34) 39 (37-40) a 42 (41-43) a,b 45 (44-46) a,b,c <0.01
BMI (kg/m2) 22.6 (20.8-24.6) 21.5 (19.9-23.4) 22.4 (20.8-24.5) a 23.0 (21.3-24.8) a,b 23.2 (21.5-25.2) a,b <0.01
Type of infertility a a,b a,b <0.01

Primary infertility 817 (29.4%) 356 (62.1%) 253 (32.1%) 133 (14.5%) 75 (15.1%)
Secondary infertility 1956 (70.6%) 217 (37.9%) 535 (67.9%) 783 (85.5%) 421 (84.9%)

Duration of infertility (years) 4 (2-7) 4 (2-6) 4 (2-8) a 3 (1-6) a,b 3 (2-6) a,b <0.01
Infertility factors a,b a,b,c <0.01

Male factor 101 (3.6%)– 25 (4.4%) 39 (4.9%) 25 (2.7%) 12 (2.4%)
Diminished ovarian reserve 2443 (88.1%) 489 (85.3%) 660 (83.8%) 832 (90.8%) 462 (93.1%)
Others 229 (8.3%) 59 (10.3%) 89 (11.3%) 59 (6.4%) 22 (4.4%)

Baseline FSH (IU/L) 9.1 (7.0–11.7) 9.2 (6.8–11.8) 9.1 (7.2–11.6) 8.8 (7.0–11.3) 9.4 (7.0–12.0) 0.15
Baseline LH (IU/L) 4.7 (3.6–5.6) 4.5 (3.2–5.1) 4.8 (3.4–5.5) 4.6 (3.4–5.7) 4.8 (3.4–5.8) 0.08
Baseline estradiol (ng/L) 47.2 (30.2–57.6) 49.5 (30.9–58.7) 49.8 (32.3–57.1) 46.2 (29.8–58.3) 41.3 (28.2–56.3) 0.07
AMH (ng/ml) 0.6 (0.4–0.9) 0.7 (0.4–0.9) 0.6 (0.4–1.0) 0.6 (0.4–0.9) 0.6 (0.3–0.9) b <0.01
AFC 4 (3–6) 4 (3–6) 5 (3–6) a 4 (3–6) a,b 3 (2–5) a,b,c <0.01
Total dose of gonadotropin (IU) 1350 (900–2100) 1350 (900–2025) 1500 (900–2250) a 1500 (975–2250) a 1200 (750–2025) b,c <0.01
Duration of gonadotropin

mediation (days)
8 (6–10) 8 (6–9) 8 (6–10) 8 (6–9) 7 (5–9) b,c <0.01

Controlled ovarian stimulation
protocols

a b,c <0.01

Mild stimulation 804 (29.0%) 184 (32.1%) 237 (30.1%) 241 (26.3%) 142 (28.6%)
PPOS 762 (27.5%) 157 (27.4%) 194 (24.6%) 267 (29.1%) 144 (29.0%)
GnRH-ant protocol 691 (24.9%) 145 (25.3%) 192 (24.4%) 234 (25.5%) 120 (24.2%)
Modified long protocol 172 (6.2%) 16 (2.8%) 53 (6.7%) 79 (8.6%) 24 (4.8%)
Natural cycle 99 (3.6%) 21 (3.7%) 25 (3.2%) 22 (2.4%) 31 (6.2%)
GnRHa long protocol 54 (1.9%) 8 (1.4%) 25 (3.2%) 17 (1.9%) 4 (0.8%)
Others 191 (6.9%) 42 (7.3%) 62 (7.9%) 56 (6.1%) 32 (6.4%)

Oocytes retrieved 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4) 2 (1–4)a,b,c <0.01
Method of fertilization 0.41

IVF 2151 (77.5%) 451 (79.0%) 602 (76.4%) 702 (76.5%) 395 (79.5%)
ICSI 622 (22.5%) 120 (21.0%) 186 (23.6%) 215 (23.4%) 102 (20.5%)

Transferable embryos 2 (1–2) 2 (1–2) 2 (1–2) 2 (1–3) 1 (1–2)b,c <0.01
Good quality embryos 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) c 0.03
Bold font indicates statistical significance with a P value<0.05. Continuous variables are presented as median (interquartile range) and compared by Kruskal-Wallis H test. Categorical variables are
presented as counts (percentage in each study group) and compared by the c2 test. Bonferroni-adjusted P value of 0.0083 (6 tests in total) was set as the threshold in multiple comparisons.
BMI: body mass index; FSH: follicle-stimulating hormone; LH: luteinizing hormone; AMH: antim€ullerian hormone; AFC: antral follicle count; controlled ovarian stimulation: controlled ovarian stim-
ulation; PPOS: progestin-primed ovarian stimulation protocol; GnRH-ant: gonadotropin-releasing hormone antagonist; GnRHa: gonadotropin-releasing hormone agonist;IVF: in vitro fertilization;
ICSI: intracytoplasmic sperm injection.
a statistically different from Group 1.
b statistically different from Group 2.
c statistically different from Group 3.
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rates per complete cycle, and the effects on live birth rates per
complete cycle of controlled ovarian stimulation protocols.
The conservative estimate assumed that the patients who
dropped out would not achieve clinical pregnancy or live
birth if they had continued, while the optimistic estimate
was based on the assumption that dropouts would have had
the same clinical pregnancy or live birth rates as those who
returned (11).
Statistical Analysis

Statistical analysis was performed using the computing envi-
ronment R (version 3.5.1). According to Kolmogorov-
Smirnov test, all continuous variables did not conform to
the normal distribution. So, they were presented as median
(interquartile range, IQR). Categorical variables were pre-
sented as counts (percentage). The Kruskal-Wallis H test,
Chi-square test, and Fisher exact test were carried out for
VOL. 2 NO. 2 / JUNE 2021
intergroup comparisons as appropriate. Results were consid-
ered statistically significant at p<0.05 and Bonferroni-
adjusted P value was used in multiple comparisons. Kaplan-
Meier method was applied to generate the live birth event
curves in the subgroups, while the log-rank test was used to
compare different curves. Generalized estimating equations
(GEE) with exchangeable correlation structure were adopted
to account for the cluster effect brought about by the repeated
cycles of one patient. Variables with P< .05 in the univariate
analysis were included in the multivariate analysis as con-
founding factors to illustrate the effects of controlled ovarian
stimulation protocols on LBR.
RESULTS
Characteristics of Participants

Among the 2641 patients diagnosed of POR who initiated
5489 ovarian stimulation cycles, 2716 (49.5%) ovarian
203
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stimulation cycles of 1683 women were excluded. A total of
2067 (37.7%) ovarian stimulation cycles of 1390 women
failed to get a transferrable embryo, and the embryos of
648 ovarian stimulation cycles of 552 women were not
used up. Finally, this study included 2,773 fresh cycles and
1,702 following FET cycles of 1,825 POR women (Table 1).
The median (interquartile) age, body mass index (BMI), base-
line follicle-stimulating hormone (FSH), antim€ullerian hor-
mone, and antral follicle counts (AFC) of the participants
were 41(36–43) years old, 22.6 (20.8–24.6) kg/m2, 9.1 (7.0–
11.7) IU/L, 0.6 (0.4–0.9) ng/ml and 4 (3–6), respectively.
Secondary infertility accounted for the majority (70.6%) of
the participants. Diminished ovary reserve (88.1%)
constituted the major indicators of IVF/ICSI. Mild
stimulation, PPOS, and GnRH-ant protocols each consti-
tuted nearly one-quarter of the controlled ovarian stimula-
tion protocols. 77.5% of the cycles adopted IVF and the
others underwent ICSI for fertilization. The number of
oocytes retrieved as well as the high-quality embryos were
low, varying from 1 to 3.

The BMI was significantly higher in the older age
groups. The proportion of secondary infertility and dimin-
ished ovarian reserve increased with age. But the duration
of infertility and AFC were significantly lower in the older
age groups. The baseline levels of FSH, estradiol, and
methods of fertilization were comparable among the groups.
Women R44 years (Group 4) had the lowest number of oo-
cytes retrieved (median 2, IQR 1–4) and transferable embryos
(median 1, IQR 1–2), but the number of good quality
embryos showed no difference among the different groups
(P>.05).

Patients dropped out of the IVF/ICSI cycle, though they
did not achieve live birth (Supplemental Figure 1). Compared
with the POR patients who underwent the 2nd complete cy-
cles, the dropout patients had significantly lower BMI (22.4
[20.7–24.4] vs 22.7 [21.0–24.7] kg/m2), lower proportion of
diminished ovarian reserve (84.8% VS 90.7%), lower basal
FSH (8.9 [6.9–11.0] vs 9.1 [7.2–12.2] IU/L) and higher
AMH (0.7 [0.4–1.0] vs 0.6 [0.4–0.9] ng/ml) (Supplemental
Table 1). However, patients who proceeded with or quit the
3rd complete cycle had no significant difference in the base-
line characteristics. This is also the case in the 4th to 7th
complete cycles.
The CCPR and CLBR in the Entire Cohort

CCPR and CLBR increased with the number of complete cy-
cles, then stabilized at subsequent complete cycles (Table 2).
At the 6th complete cycle, the conservative and optimistic
estimates of CCPR reached the peak values of 36.44% and
71.61%, respectively. But the counterparts of CLBR peaked
at the 4th complete cycle, reaching 20.22% and 38.31%,
respectively. Although one clinical pregnancy was obtained
at the 5th complete cycle, no live birth was achieved. The
overall CPR and LBR were 23.98% (95% confidence interval
(CI), 22.39%-25.57%) and 13.31% (95% CI, 12.0%-14.6%),
respectively.
VOL. 2 NO. 2 / JUNE 2021



FIGURE 1

The conservative and optimistic estimates of CCPR and CLBRwhenwomenwith are stratified by age. A. The conservative estimations of
CCPR; B. The optimistic estimations of CCPR; C. The conservative estimations of CLBR; B. The optimistic estimations of CLBR. CCPR: cumulative
clinical pregnancy rates; CLBR: cumulative live birth rates; POR: poor ovarian response.
Wang. CLBR of women with poor ovarian response. Fertil Steril Rep 2021.
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CCPR and CLBR in Subgroups

The CCPR and CLBR showed a decreasing trend as the age of
the participants increased (Figure 1). Group 1, the youngest
group, presented with the highest CCPR and CLBR. The con-
servative estimates of the CCPR at the last complete cycle
from Group 1 to 4 (from the youngest to the oldest) were
56.60%, 45.60%, 26.59%, and 10.14%. The corresponding
optimistic estimates were 100.00%, 78.74%, 52.01%, and
37.51%. As for CLBR, the conservative estimates from Group
1 to 4 were 38.83%, 24.78%, 11.54%, and 3.26%; and the
optimistic estimates were 68.63%, 41.64%, 27.71%, and
14.92%. The clinical pregnancy rates and live birth rates per
complete cycle exhibited the same trend (Supplemental
Table 2).

As shown in the entire cohort, CCPR and CLBR were
initially elevated in the subgroups as the number of complete
cycles increased. After a certain cut-off point, the curve sta-
bilized, which appeared earlier in CLBR than in CCPR. The
CCPR of Group 1 to 4 stabilized at the 6th, 4th, 4th, and 5th
complete cycles, respectively. On the other hand, CLBR
stopped increasing at the 4th, 3rd, 4th, and 4th complete
cycles.
VOL. 2 NO. 2 / JUNE 2021
Impacts of Controlled Stimulation Protocols on the
Live Birth Rates per Complete Cycle

According to the univariate analysis, the following factors
had an effect on the live birth rates per complete cycle of
the cohort, age, BMI, type of infertility, infertility factors,
baseline FSH, LH, AMH, AFC, the dose of gonadotropin
administered, duration of gonadotropin medication, complete
cycle counts, and oocytes retrieved (supplemental Table 2).
After adjusting for these confounding factors with the GEE
model, th results showed that mild stimulation was not infe-
rior to the other controlled ovarian stimulation protocols in
terms of live birth rates per complete cycle (Table 3). Only
age (adjusted odds ratio (aOR) ¼ 0.86, 95% CI: 0.84–0.88),
BMI (aOR ¼ 0.94, 95% CI: 0.90–0.98), oocytes retrieved
(aOR ¼ 1.15, 95% CI: 1.09–1.22), secondary infertility (aOR
¼ 1.41, 95% CI: 1.05–1.90), and diminished ovarian reserve
(aOR¼ 0.52, 95% CI: 0.31–0.88) were statistically significant.

However, the subgroup analysis suggested that controlled
ovarian stimulation protocols had varied associations with
live birth rates per complete cycle. In Group 1, PPOS
(aOR¼0.51, 95% CI: 0.30–0.87) and GnRH-ant protocols
(aOR¼0.45, 95% CI: 0.24–0.81) adversely affected the live
205



TABLE 3

The multivariable analysis of live birth rates per complete cycle in different age groups.

All Group 1: £35years Group 2: 36–40 years Group 3: 41–43 years Group 4: ‡44 years

aOR p aOR p aOR p aOR p aOR p

controlled ovarian
stimulation protocols

Mild stimulation Reference Reference Reference Reference Reference
PPOS 0.72 (0.51–1.02) 0.06 0.51 (0.30–0.87) 0.01 1.05 (0.57–1.93) 0.89 1.23 (0.59–2.58) 0.59 1.25(0.13–11.63) 0.85
GnRH-ant protocol 0.81 (0.56–1.15) 0.24 0.45 (0.24–0.81) 0.01 1.74 (0.97–3.14) 0.07 0.95 (0.42–2.16) 0.90 1.79 (0.15–21.01) 0.65
Modified long protocol 0.78(0.40–1.51) 0.47 0.35 (0.09–1.14) 0.14 1.34 (0.46–3.91) 0.59 1.56 (0.40–5.93) 0.53 2.53 (0.04–159.24) 0.66
Natural cycle 1.19 (0.54–2.62) 0.67 0.74 (0.19–2.94) 0.67 2.41 (0.72–8.07) 0.16 0.80 (0.14–3.72) 0.70 4.36�10-12 (0–0) <0.01
GnRHa long protocol 0.73 (0.30–1.77) 0.48 1.580�10-18(0–0) <0.01 1.60 (0.48–5.38) 0.45 2.31 (0.47–11.40) 0.30 2.67�10-11 (0–0) <0.01
Others 0.75 (0.45–1.25) 0.27 0.39 (0.17–0.90) 0.03 1.68 (0.77–3.68) 0.20 0.55 (0.13–2.34) 0.42 9.52�10-12 (0–0) <0.01

Age 0.86 (0.84–0.88) <0.01 0.98 (0.90–1.05) 0.52 0.89 (0.77–1.02) 0.10 0.50 (0.35–0.70) <0.01 0.35 (0.17–0.74) <0.01
BMI 0.94 (0.90–0.98) <0.01 0.95 (0.88–1.02) 0.16 0.96 (0.89–1.03) 0.26 0.87 (0.78–0.97) 0.01 0.98 (0.74–1.28) 0.85
Type of infertility
Primary infertility Reference Reference Reference Reference Reference
Secondary infertility 1.41 (1.05–1.90) 0.02 1.22 (0.80–1.85) 0.36 1.76 (1.10–2.82) 0.02 0.77 (0.39–1.52) 0.44 2.25 (0.12–6.90) 0.59

Infertility factors
Male factor Reference Reference Reference Reference Reference
Diminished ovarian

reserve
0.52 (0.31–0.88) 0.01 0.71 (0.27–1.85) 0.48 0.46 (0.22–0.98) 0.04 0.52 (0.17–1.58) 0.25 0.07 (0.01–0.85) 0.04

Others 0.63 (0.33–1.20) 0.16 0.92 (0.28–3.00) 0.88 0.49 (0.19–1.26) 0.14 0.50 (0.17–1.58) 0.35 5.62�10-13 (0–0) <0.01
Basal FSH 0.98 (0.96–1.01) 0.13 1.01 (0.98–1.05) 0.54 0.96 (0.92–0.996) 0.03 0.97 (0.89–1.04) 0.36 0.94 (0.77–1.54) 0.56
Basal LH 0.98 (0.94–1.02) 0.33 1.00 (0.97–1.03) 0.95 0.97 (0.89–1.06) 0.52 0.91 (0.78–1.06) 0.21 0.79 (0.41–1.51) 0.47
AMH 0.97 (0.78–1.21) 0.76 0.89 (0.57–1.40) 0.62 1.04 (0.69–1.58) 0.84 1.04 (0.79–1.37) 0.76 2.76 (0.98–7.75) 0.06
AFC 1.05 (0.997–1.11) 0.06 1.02 (0.93–1.13) 0.63 1.02 (0.94–1.11) 0.59 1.11 (1.00–1.23) 0.04 0.88 (0.59–1.30) 0.21
Total dose of

gonadotropin (IU)
1.00 (1.00–1.00) 0.83 1.00 (1.00–1.00) 0.50 1.00 (1.00–1.00) 0.15 1.00 (1.00–1.00) 0.98 1.00 (1.00–1.00) 0.85

Duration of gonadotropin
mediation (days)

1.03 (0.96–1.11) 0.44 1.02 (0.89–1.15) 0.82 1.10 (0.98–1.24) 0.11 0.90 (0.74–1.09) 0.28 0.86 (0.53–1.40) 0.54

Oocytes retrieved 1.15 (1.09–1.22) <0.01 1.18 (1.07–1.32) <0.01 1.10 (1.00–1.21) 0.06 1.18 (1.01–1.36) 0.03 1.08 (0.78–1.49) 0.54
PPOS progestin-primed ovarian stimulation protocol;GnRH-ant gonadotropin-releasing hormone antagonist;GnRHaGnRH agonist; BMI body mass index; FSH follicle-stimulating hormone; LH luteinizing hormone; AMH antim€ullerian hormone; AFC antral follicle count;
aOR adjusted odds ratio; p<0.05 was statistically significant.

Wang. CLBR of women with poor ovarian response. Fertil Steril Rep 2021.

2
0
6

V
O
L.2

N
O
.2

/JU
N
E
2021

O
RIG

IN
A
L
A
RTIC

LE:A
SSISTED

REPRO
D
U
C
TIO

N



Fertil Steril Rep®
birth rates per complete cycle compared with the mild stimu-
lation protocol. The modified GnRHa long protocol
(aOR¼0.35, 95% CI: 0.09–1.14, P ¼ .14) and natural cycle
(aOR¼0.74, 95% CI: 0.19–2.94, P ¼ .67) also showed adverse
influences but the differences were not statistically signifi-
cant. Controlled ovarian stimulation protocols exhibited no
significant association with the live birth rates in Group 2 to 4.
DISCUSSION
In this study, we retrospectively analyzed 2,773 complete cy-
cles of 1,825 women with POR at a single center and
compared CCPR and CLBR in the entire cohort as well as
the different age groups. We concluded that CLBR and
CCPR initially increased with the number of complete cycles,
then stabilized after the 4th complete cycle. The actual CCPR
may lie between the conservative and optimistic estimates
(36.44% - 71.61%), as the CLBR (20.22% - 38.31%). The
CCPR, CLBR, clinical pregnancy rates per complete cycle,
and live birth rates per complete cycle decreased with age.
Mild stimulation protocol contributed to the higher live birth
rates per complete cycle for POR patients younger than 35
years compared with the PPOS and the GnRH-ant protocols.

The CCPR and its relationship to CLBR have not been pre-
vious investigated. Our data showed that CLBR stopped
increasing after the 4th complete cycle, while CCPR stopped
increasing after the 6th complete cycle, either in the entire
cohort or age subgroups. That means after four complete cy-
cles, women with POR achieved no live birth, even if some of
them had become pregnant. Therefore, it is not advisable that
specialists initiate more than four complete cycles for women
with POR.

One possible explanation lies in the increase in age during
the treatment period, perhaps, because the quantity and qual-
ity of oocytes usually decrease with age (12). In this vein, the
mitochondria, the main organelles that determine the capac-
ity of normal fertilization, show increasing instability of their
deoxyribonucleic acid with increasing age. Mitochondrial
biogenesis in oocytes and the surrounding granulosa cells
are severely impeded by aging (13). Furthermore, a higher
apoptosis rate of mural granulosa cells is correlated with older
age, which may impair the quality of oocytes (14). The aneu-
ploidy rate of embryos also increased with age (15). As a
result, the clinical pregnancy rates per complete cycle, and
live birth rates per complete cycle decrease accordingly. The
CLBR observed in our study differed from those of previous
studies. Yang (5) reported the conservative estimates of
CLBR in 401 women with POR to be 31.9%. Specifically, the
CLBR was 48.0% for <35 years, 30.1% for 35–39 years, and
16.9% forR40 years. Xu (4) found the conservative estimates
of CLBR to be 14.9% for >3000 POR patients, 22% for those
%30 years old, 18.3% for 31–34 years, 17.2% for 35–37 years,
13.5% for 38–40 years, 10.5% for 41–43 years, and 4.4% for
R44 years. Our results lie between these two studies. Several
factors might account for the differences. First, compared
with the Yang study, the patients we recruited were more
advanced in age, had higher baseline FSH and lower AFC.
Although the participants in Xu’s study were younger than
ours, the proportion of diminished ovarian reserve was
VOL. 2 NO. 2 / JUNE 2021
higher. Second, Xu recruited patients who received treatment
between 2002 and 2016, while our patients were treated be-
tween 2014 and 2018. Over the past decade, optimization of
treatment protocols, embryo culture procedures, vitrification
and thawing methods, and luteal support may have contrib-
uted to the increase in CLBR (16). Finally, Xu’s study did
not exclude patients with genetic or chromosomal abnormal-
ities associated with infertility, which might lead to lower
CLBR.

Consistent with many other studies (4, 5, 17), our study
showed that age was inversely correlated with CCPR and
CLBR, indicating that oocyte quality and ovarian reserve in
older patients were reduced. Despite the poor response to
gonadotropin stimulation, younger POR patients might
have more residual follicles. Furthermore, according to the lo-
gistic regression analysis of the data of 1730 biopsied blasto-
cysts, for every 1-year increase in the female age, the
probability of aneuploid embryos increases by 10%
(OR¼1.1, 95% CI: 1.1–1.2) (15). Older women were likely to
have no euploid embryos (26–37 years old: 2%-6%, 42 years
old: 33%, 44 years old: 53%) (18). The decreased probability of
aneuploidy brought higher success rate for the younger pa-
tient. From this perspective, clinical trials of POR that require
homogeneity among participants should take age into consid-
eration. The POSEIDON criteria (19), a new classification of
low responders developed by the Poseidon Group in 2016,
may be a superior option. The POSEIDON criteria stratify
women with low predicted prognosis by age and ovarian
reserve. Patients in the same group of POSEIDON classifica-
tion might have similar live birth rates.

The suitable controlled ovarian stimulation protocols for
POR have been discussed in many studies, but no consensus
has been reached. After adjusting for the confounding factors,
the live birth rates per complete cycle of POR patients using
mild stimulation was not inferior to those who adopted other
controlled ovarian stimulation protocols. Furthermore, for
POR women%35 years, the live birth rates per complete cycle
of mild stimulation were higher. The effectiveness of mild
stimulation in women%35 years may be due to avoiding dis-
turbances on oocyte quality by high gonadotropin dose (20).
Previous studies have reported that the live birth rates for POR
is independent of controlled ovarian stimulation protocols
(21), and that mild protocol leads to live birth rates in POR
patients that are comparable to conventional protocols (22–
24). But the live birth rates in these studies were results of a
single embryo transfer cycle, instead of a complete cycle.
Also, they were not discussed separately in different age
groups. Further prospective and randomized studies are
needed to confirm the benefit of mild stimulation on POR
patients younger than 35 years old.

This study is not without limitations. First, its retrospec-
tive design has an inherent defect such that we could not
identify the reasons for patients dropping out. Besides, the
cycles without live births but with remaining embryos were
excluded, which might have led to a selection bias, such
that those embryos were discarded due to poor quality.
Furthermore, not every patient insisted on receiving seven
complete cycles. Only a small number of patients received
more than four complete cycles. Therefore, the result might
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have deviated from the actual value. Despite the limitations
above, the strengths of this study should not be missed. Our
study provided a unique insight into the relationship between
the CCPR and CLBR and explored the controlled ovarian stim-
ulation protocols suitable for different age groups. Our large
patient cohort was a better representation of the current state
of patients with POR. The insights of this study could be useful
in the clinical evaluation and treatment of women with POR.
However, further research is necessary to explore the under-
lying reasons for the poor responses in order to develop clin-
ical interventions to overcome such challenges.
CONCLUSION
The results of this study suggest that younger women with
POR have a higher CCPR and CLBR. Repeated cycles may
help improve CLBR in women with POR in the first four com-
plete cycles. Therefore, it is not advisable to initiate more than
four complete cycles in such women. Mild stimulation was
not inferior to the conventional ovarian stimulation protocols
in terms of live birth rates per complete cycle. For young (%35
years) women with POR, mild stimulation may be beneficial
to live birth rates per complete cycle compared with the use
of other protocols.
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