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Abstract

There were few studies of cumulative live birth rates (CLBRs) based on multicenter reproductive clinical data
from the general Chinese population. Here we report a retrospective cohort study, including 14 311 women with
17 315 cycles, in three reproductive centers to evaluate two estimated parameters of CLBRs with multiple transfer
cycles of in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) in a Chinese population.  We found
that CLBRs were related to female age and endometrial thickness. By the fourth transfer cycle, the conservative
and  optimal  estimates  of  CLBRs  were  52.95% and  77.30% in  women  under  30  years  of  age,  and  18.17% and
26.51% in  those 37 years  of  age or  older,  respectively.  The two estimates  were 44.70% and 63.15% in  women
with endometrial thickness more than 7 mm, and 32.05% and 46.18% in those with less than 7 mm, respectively.
In addition, body mass index (BMI), duration of infertility, and infertility diagnoses may also be related to CLBRs
on certain conditions. The findings from this study on CLBRs after multiple transfer cycles of IVF/ICSI treatment
on different conditions in the Chinese population should be beneficial to both infertile couples and clinicians.
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Introduction

Assisted  reproductive  technology  (ART)  has
evolved rapidly since its invention 40 years ago[1], and
up to now, more than 6 million people were estimated
to  have  been  born  all  over  the  world[2].  For  a  long
time,  one  of  the  most  commonly  used  indexes  for
ART success assessment is the probability of live birth
of a single cycle[1,3–7]. However, with the development
of  embryo  cryotherapy  technology,  thawed  frozen
embryo transfers (FETs) have been widely applied[8–9]

and  more  times  of  embryo  transplantation  can  be
performed  within  a  single  ovarian  stimulation  and
oocyte retrieval process. Therefore, researchers found
cumulative  live  birth  rates  (CLBRs)  based  on
complete  treatment  cycles  might  be  more  suitable  to
evaluate the efficacy of fresh stimulated cycle and all
subsequent thawed cycles[10–11].

Several  studies  focusing  on  CLBRs  have  been
reported,  but  results  are  inconsistent.  A  UK  study
showed that the conservative and optimal estimates of
CLBRs  after  eight  complete  cycles  of  ART  were
44.0% and 82.4%, respectively[12], while another study
in  Australia  and  New  Zealand  reported  that  the
conservative  and  optimal  estimates  of  CLBRs  after
eight  cycles  can  reach  54.3% and  77.2%,
respectively[13].  In  China,  one  of  the  largest  studies
about CLBRs was conducted at the Peking University
Third Hospital, in which the conservative and optimal
estimates after eight cycles can reach up to 69.1% and
90.3%,  respectively[14].  In  most  cases,  CLBRs  were
proved  to  be  steadily  increased  with  the  number  of
transfer  cycles  after  ovarian  stimulation[11,15].
Therefore,  CLBRs  were  helpful  for  making  ART
clinical decisions. In addition, the reported influencing
factors  of  CLBRs  such  as  female  age,  weight
decrease,  low-calorie  diet,  and  physical  exercise  also
need validation in different populations[16–17].

In  China,  about  15% to  20% of  women  at
reproductive age suffered from infertility[18]. The total
number  of  ART  treatment  cycles  is  growing  rapidly.
According  to  the  "Maternal  and  Child  Health
Development  Report  in  China  (2019)",  the  total
number  of  ART  cycles  had  exceeded  1  million
annually  in  recent  years[19].  However,  no  study  has
reported  CLBRs  based  on  multiple  reproductive
centers in a general Chinese population. Therefore, we
conducted the study to estimate the CLBRs in Chinese
women with complete ART cycles and to evaluate the
CLBRs with different factors.

Materials and methods

Study population

All  the  patients  in  this  study  were  recruited  from

three reproductive medicine centers of China (the First
Affiliated Hospital of Nanjing Medical University, the
Affiliated  Nanjing  Maternity  and  Child  Health
Hospital  of  Nanjing  Medical  University,  and
Shengjing  Hospital  of  China  Medical  University)
from 2013 to 2016. Patients who underwent their first
cycle of IVF with or without ICSI were enrolled.  All
of  our  calculation  and  results  were  based  on  one
complete  oocyte  retrieval  cycle.  A  complete  oocyte
retrieval  cycle  is  defined  as  all  fresh  and  subsequent
frozen-thawed  embryo  transfers  after  one  episode  of
ovarian  stimulation.  In  addition,  the  following
exclusion  criteria  were  applied:  women  whose  first
cycle  used  a  frozen  embryo;  either  of  the  infertile
couples  was  a  foreigner.  Cycles  for  an  individual
woman  were  censored  after  a  live  birth.  As  few
women  underwent  more  than  four  transfer  cycles,
only data from the first four transfer cycles were used.
As a result, 14 311 women with data of 17 315 cycles
were included in  the  final  analysis.  The protocol  was
approved  by  the  local  institutional  board  at  the
authors'  affiliated institutions and patient consent was
not required because of the retrospective nature of the
study.

Baseline characteristics and outcomes

Women's  characteristics  and  ART  treatment  were
retrieved  from  the  hospitals'  electronic  medical
records  based  on  couples'  last  name,  first  name,  and
clinic ID. We considered the following characteristics
for  women at  the start  of  their  first  treatment:  female
age (categorized as ≤30, 30–34, 34–37, and ≥37 years
of  age),  duration  of  infertility  (<2,  2–3,  3–5,  and ≥5
years),  body  mass  index  (BMI;  categorized  as < l8.5,
18.5 –24,  24 –28,  and ≥28  kg/m2),  type  of  infertility
(primary or secondary infertility), infertility diagnosis
(categorized  as  tubal  factor,  endometriosis,  ovulation
disorder or polycystic ovarian syndrome, male factor,
or  unexplained  factors),  endometrial  thickness  (mm),
and  insemination  method  (ICSI vs. IVF).  Live  birth
was  defined  as  the  birth  of  at  least  one  infant  with  a
gestation of at least 22 weeks and the birth weight of
at least 300 g[20].

Statistical analysis

Two  types  of  CLBRs  were  calculated  as  outcome
variables. The two-type cumulative live birth rates and
their  standard  errors  were  estimated  as  follows.  A
conservative  estimate  of  CLBR  was  based  on  the
assumption that none of the women who did not return
for  a  subsequent  cycle  would  have  had  a  live  birth,
and  an  optimal  estimate  of  CLBR  was  based  on  the
assumption  that  women  who  did  not  return  for  a
subsequent cycle would have the same success rates as
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those  who  did  return.  The  conservative  estimate  of
CLBR was calculated as the number of live births up
to  and  including  a  specific  cycle,  divided  by  the
number  of  women  who  ever  received  that  treatment,
while the optimal estimate of CLBR was based on the
product-limit estimate[20]. The standard errors for both
these  CLBRs  were  computed  with  the  use  of  the
binomial  distribution.  The  product-limit  was  the
Kaplan-Meier estimates when all cycles were included
in  the  analysis;  in  these  cases,  the  patterns  of
cumulative live birth rates were compared with the use
of the log-rank test.

Since there may be more than one infertility factor,
women  may  be  assigned  to  multiple  groups  when
estimated according to  factors.  The primary data  was
presented  graphically,  and  additional  figures  and  the
CLBRs  and  their  standard  errors  are  provided  in
Supplementary Table 2–8 (available online). The data
were  analyzed  with  the  use  of  R  software  (version
3.6.1), using packages "survival" and "survminer" for
the optimal estimate's calculation and log-rank test.

Results

Characteristics of the study population

This  study  included  14  311  women,  with  17  315
embryo  transfer  cycles  and 6331 live  births,  and  the
overall  live  birth  rate  was  40.54% in  the  first  cycle,
rising by the fourth cycle up to 44.24% (Fig. 1).  The
characteristics  are  summarized  in Table  1.  About
48.84% of the women were younger than 30 years of
age, and 8.80% were older than 37 years of age. Most

Table 1   Baseline demographic and clinical characteristics of
the study population [n (%)]
Characteristic Women (n=14 311)

Age (year)

　　Mean±SD 30.95±4.65

　　≤30 6990 (48.84)

　　30–34 4245 (29.66)

　　34–37 1816 (12.69)

　　>37 1260 (8.80)

BMI (kg/m2)

　　Mean±SD 22.7±3.31

　　<18.5 963 (6.73)

　　18.5–24 8753 (61.16)

　　24–28 3238 (22.63)

　　≥28 996 (6.96)

　　Missing 361 (2.52)

Duration of infertility (year)

　　Mean±SD 4.04±3.13

　　<2 2693 (18.82)

　　2–3 2684 (18.75)

　　3–5 3911 (27.33)

　　≥5 4447 (31.07)

　　Missing 576 (4.02)

Type of infertility

　　Primary infertility 8387 (58.61)

　　Secondary infertility 5761 (40.26)

　　Missing 163 (1.14)

Infertility diagnosis*

　　Male factor 3169 (22.14)

　　Endometriosis 1118 (7.81)

　　Ovulation disorder or PCOS 1559 (10.89)

　　Tubal factor 8941 (62.48)

　　Unexplained factor 475 (3.32)

Insemination method

　　IVF 10 325 (72.15)

　　ICSI 3063 (21.40)

　　IVF+ICSI 602 (4.21)

　　Missing 321 (2.24)

Endometrial thickness (mm)

　　Mean±SD 10.39±2.36

　　<7 415 (2.90)

　　≥7 10 602 (74.08)

　　Missing 3294 (23.02)
*Multiple  diagnoses  were  possible,  so  totals  are  greater  than  100%;  PCOS:
polycystic  ovarian  syndrome;  IVF: in  vitro fertilization;  ICSI:
intracytoplasmic sperm injection.

 

Cycle 1
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Cycle 2
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Cycle 3
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Cycle 4
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(n=459, 18.44%)
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(n=60, 14.32%)

Live birth
(n=11)

No further ART
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(n=1611, 64.72%)

No further ART
during follow-up
(n=263, 62.77%)

 

Fig.  1   Flow  chart  over  included  cases  and  their  course  of
treatments, women followed until their first live birth.
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of  the  women  (61.16%)  were  at  normal  BMI.  Tubal
factor (62.48%) was the main cause of infertility.

Live  birth  occurred  in  36.56% of  the  cycles,  and
44.24% of  the  women  had  a  live  birth.  In  the  first
cycle,  of  women  who  failed  to  get  pregnant, 6021
(42.07%) quited the ART treatment and 2489 women
(17.39%)  went  on  with  a  second  treatment  cycle;  in
the  second  cycle,  of  women  who  were  not  pregnant,
1611 quitted and 419 continued; in the third cycle, just
96 chose a  fourth  cycle.  The specific  cumulative  live
birth  rate  of  each  cycle  is  detailed  in Supplementary
Table 1 (available online).

Live birth rates and female age

We found a progressive decline in both optimal and
conservative estimates of the cumulative live birth rate
with increasing female age (P<0.001) (Fig. 2A and B).
By  the  fourth  transfer  cycle,  the  conservative  and
optimal estimates of live birth rates were 52.95% and
77.30% in  women  younger  than  30  years  of  age  and
18.17% and 26.51% in those 37 years of age or older,
respectively.

Live birth rates and female BMI

Fig.  2C and D show  the  optimal  and  conservative
live  birth  rates  at  different  measures  of  female  BMI.
The  conservative  and  optimal  estimates  of  live  birth
rates  after  three  transfer  cycles  were  46.22% and
61.97% in  the  normal  BMI  group  (18.5 –24  kg/m2),
and  33.84% and  53.90% in  the  obese  group  (≥28
kg/m2),  respectively.  The  contents  of Fig.  2C and D
indicate  that  obese  women  have  lower  optimal  and
conservative  live  birth  rates  than  other  women
(P<0.001).  Interestingly,  as  showed  in Fig.  2C,  there
was no statistical significance in the optimal estimates

between  those  groups  whose  BMI  lower  than  28
kg/m2 (P>0.05).

Live birth rates and the duration of infertility

Fig.  3A and B show  the  correlations  between
duration  of  infertility  and  live  birth  rates.  In  the
analysis of duration of infertility, there is a significant
decrease in both optimal and conservative estimates of
the  cumulative  live  birth  rate  for  those  women  with
the  duration  of  infertility  exceeding  5  years.  For
instance, compared to those groups whose duration of
infertility  below  5  years,  the  conservative  estimates
declined  by  7.96%,  8.19%,  and  7.13%,  while  the
optimal  estimates  declined  by  5.63%,  13.51%,  and
6.39%.

Live birth rates and endometrial thickness

Fig. 3C and D show that, from the first cycle to the
fourth, the live birth rate of women with endometrium
thickness  greater  than  7  mm  is  about  1.5  times  than
those  with  endometrial  thickness  less  than  7  mm
(conservative  estimate  44.70% vs. 32.05%,  while
optimal  estimate  63.15% vs. 46.18%).  By  the  fourth
transfer cycle,  the conservative and optimal estimates
of  live  birth  rates  were  both  above  45% for  women
with endometrium thickness greater than 7 mm.

Live  birth  rates  and  type  of  infertility  and
infertility diagnosis

Fig. 4A and B show that the CLBRs of women with
primary infertility was slightly higher than those with
secondary  infertility  (4.14% and  7.80% respectively
for conservative and optimal estimate) but showing no
significant  statistical  difference.  Apart  from
unexplained factor, women whose infertility is caused
by  male  factor  had  the  highest  CLBRs  of  all  types
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Fig.  2   Cumulative  live  birth  rates,  according  to  female  age  and  body  mass  index. A  and  B:  The  conservative  (A)  and  optimal  (B)
estimates of cumulative live birth rates, according to female age. C and D: The conservative (C) and optimal (D) estimates of cumulative live
birth rates, according to body mass index.
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after  the  third  complete  cycle  (the  conservative  and
optimal  estimates,  61.79% and  75.55%,  repectively),
while those with a diagnosis of tubal factor infertility
had  the  lowest  ones  (42.10% and  60.54%,
respectively) (Fig. 4C and D).

Live birth rates and insemination method

Fig.  5 illustrates  the  conservative  and  optimal

CLBRs  stratified  by  different  treatments  in  the  first
complete cycle. Among all groups, IVF plus ICSI had
higher  conservative  and  optimal  estimates  of  CLBRs
(49.00% and  72.26%).  However,  we can't  investigate
the real disparity among those groups because most of
women  had  choosen  the  IVF  and  ICSI  caused  big
population  number  difference  between  different
methods.
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Fig. 3   Cumulative live birth rates, according to duration of infertility and endometrial thickness. A and B: The conservative (A) and
optimal  (B)  estimates  of  cumulative  live  birth  rates,  according  to  duration  of  infertility.  C  and  D:  The  conservative  (C)  and  optimal  (D)
estimates of cumulative live birth rates, according to endometrial thickness.

 

0

20

40

60

80

1 2 3 4

Li
ve

 b
irt

h 
ra

te
 (%

)

Cycle number

A Secondary infertility
Primary infertility

0

20

40

60

80

1 2 3 4

Li
ve

 b
irt

h 
ra

te
 (%

)

Cycle number

B Secondary infertility
Primary infertility

0
20
40
60
80

1 2 3 4Li
ve

 b
irt

h 
ra

te
 (%

)

Cycle number

C

Male Endometriosis

Ovulation disorder or PCOS
TubalUnexplained

0
20
40
60
80

1 2 3 4Li
ve

 b
irt

h 
ra

te
 (%

)

Cycle number

D

Male Endometriosis

Ovulation disorder or PCOS
TubalUnexplained

 

Fig. 4   Cumulative live birth rates, according to type of infertility and infertility diagnosis. A and B: The conservative (A) and optimal
(B)  estimates  of  cumulative  live  birth  rates,  according  to  type  of  infertility.  C  and  D:  The  conservative  (C)  and  optimal  (D)  estimates  of
cumulative live birth rates, according to infertility diagnosis.
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Fig. 5   Cumulative live birth rates, according to insemination method. The conservative (A) and optimal (B) estimates of cumulative
live birth rates, according to insemination method. ICSI: intracytoplasmic sperm injection; IVF: in vitro fertilization.
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Discussion

To  date,  this  is  one  the  of  the  largest  reports  of
CLBRs based on ART treatment  cycles  derived from
multiple  clinic  data  in  China.  The  CLBRs  inform
women  about  their  chances  of  at  least  one  live  birth
after a given number of repeated cycles. In our study,
after four complete cycles,  the conservative estimates
of  the  CLBRs  increased  from  40.54% to  44.24%
whilst  optimal estimates increased to 63.21%,  though
the  cycle-specific  live  birth  rate  declined  to  11.46%.
Age and endometrial thickness is the main influencing
factor for CLBRs.

There  were  several  studies  on  CLBRs  in  western
countries. Recently, two studies from the UK[12,21] and
one  from  Australia  and  New  Zealand  population[13]

have  reported  their  CLBRs.  We  cannot  compare  our
results  with  those  studies  directly  because  of  the
different  study  periods  and  settings.  However,
conservative  and  optimal  estamates  of  CLBRs  in  our
study were both lower than theirs. These might result
from  the  study  design.  All  the  western  studies
mentioned  above  were  based  on  the  national
registration  system,  which  covered  the  majority  of
cycles  for  the  most  people.  For  our  study,  the  study
duration  is  limited  and  many  people  may  quit  the
treatment due to the high expenditure or other reasons,
such as psychological factors[22–23].

As  for  domestic  study,  one  of  the  largest  was
launched  in  Peking  University  Third  Hospital  based
on  its  seven  years'  clinic  data[14].  In  the  study,  after
four  cycles,  the  conservative  and  optimal  estimates
can  reach  up  to  around  68% and  87%,  respectively.
Compared to the CLBRs, ours were significant lower
than  theirs.  This  may  be  due  to  better  patient
compliance  in  Peking  University  Third  Hospital
reputed  for  advanced  assisted  reproductive
technology.

We  also  found  several  factors  affecting  live  birth
rates.  The  cycle-specific  live  birth  rates  and  CLBRs
declined  significantly  with  age  increasing,  which  is
consistent  with  the  results  of  previous  studies[12,23–25].
The  biological  mechanism  may  lie  in  the  diminished
ovarian  reserve  which  led  to  the  poor  quantity  and
quality of oocytes with increasing age[26]. Furthermore,
increased  incidence  rates  of  aneuploid  oocytes  could
explain the lower live birth rate partly as well[27].

We  found  that  when  BMI >28  kg/m2,  the  CLBRs
reached the lowest. Studies have shown that increased
BMI  correlates  with  reduced  conception  rates[28–29],
suggesting  that  obesity  may  affect  oocyte  and/or
embryo quality. Besides, low live birth rates with high

BMI  may  be  due  to  the  action  of  a  hormone  named
leptin[30].  What's  more,  high  BMI  may  have  an
interaction  with  PCOS[31],  which  might  influence  the
live birth rate partially.

We  also  found  a  correlation  between  endometrial
thickness and CLBRs. Endometrial thickness is one of
the  most  important  factors  in  predicting  pregnancy
after  IVF[32].  It  is  generally  accepted  that  an
endometrial thickness below a minimum value of 6 to
8  mm  showed  negative  predictive  value  for  IVF
outcomes.  As  for  the  optimal  thickness  for  ART
outcomes,  Gallos et  al concluded  that  the  optimal
endometrial  thickness  threshold  of  10  mm  or  more
maximized live birth rates[33].

In  addition  to  all  the  above  factors,  we  also  found
that the duration of infertility as well as its causes may
be related to CLBRs. As for the duration of infertility,
we  found  that  when  the  duration  of  infertility
exceeded 5 years, the CLBRs reached the lowest. This
might be partially due to the increasing psychological
burden  and  severity  of  infertility,  which  may
significantly influence the ART outcomes.

Tubal factor was associated with the lowest CLBRs,
whereas  male  factor  the  highest.  Reasons  for  highest
CLBRs with male factor may lie in that generally ICSI
is applied for male infertility and provides an effective
improvement  of  ART  treatment  outcomes  of  male
infertility[34].  As  for  the  lowest  rates  for  the  tubal
facor,  one of  the assumption is  that  it  may be related
to  salpingitis,  which  is  believed  to  account  for >50%
of  these  tubal-factor  cases  and  can  easily  lead  to
hydrosalpinx[35].  The  hydrosalpinx  fluid  may  act  on
two  different  target  systems:  directly  on  the
transferred  embryos  or  on  the  endometrium  and  its
receptivity  for  implantation,  or  both[36].  However,  the
actual mechanism still needs to be clarified.

There  are  several  limitations  about  our  study.  First
of  all,  for  the  limitation  of  study  duration,  we  can't
include  all  the  related  treatment  cycles  in  our  study.
Second,  some  important  factors  such  as  stimulation
protocol, and aspirated oocytes weren't included in our
study  either.  Third,  we  did  not  take  the  interval
between transferring into consideration. Therefore, the
findings  from  our  study  should  be  interpreted  within
the context of limitations.

In summary, we reported the trend between CLBRs
and  the  repeated  treatment  cycles,  and  several
prognostic factors that may affect subfertility couples'
ART  treatment  success  rates.  These  findings  may  be
helpful for making the ART clinical decisions for both
the clinician and the subfertile couples.
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