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STUDY QUESTION: Has cumulative live birth rate (CLBR) improved over time and which factors are associated with such an
improvement?

SUMMARY ANSWER: During an | |-year period, 2007-2017, CLBR per oocyte aspiration increased significantly, from 27.0% to 36.3%,
in parallel with an increase in blastocyst transfer and cryopreservation by vitrification.

WHAT IS KNOWN ALREADY: While it has been shown that live birth rate (LBR) per embryo transfer (ET) is higher for fresh blasto-
cyst than for fresh cleavage stage embryo transfer, CLBR per oocyte aspiration, including one fresh ET and all subsequent frozen embryo
transfers (FET), does not seem to differ between the two culture strategies.

STUDY DESIGN, SIZE, DURATION: A national register study including all oocyte aspirations performed in Sweden from 2007 to
2017 (n=124 700 complete IVF treatment cycles) was carried out. Oocyte donation cycles were excluded.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Data were retrieved from the Swedish National Registry of Assisted
Reproduction (Q-IVF) on all oocyte aspirations during the study period where autologous oocytes were used. CLBR was defined as the
proportion of deliveries with at least one live birth per oocyte aspiration, including all fresh and/or frozen embryo transfers within | year,
until one delivery with a live birth or until all embryos were used, whichever occurred first. The delivery of a singleton, twin, or other mul-
tiples was registered as one delivery. Cryopreservation of cleavage stage embryos was performed by slow freezing and of blastocyst by
vitrification.

MAIN RESULTS AND THE ROLE OF CHANCE: In total, 124 700 oocyte aspirations were performed (in 61 313 women), with 65
304 aspirations in women <35 years and 59 396 in women > 35years, resulting in 38 403 deliveries with live born children. Overall, the
CLBR per oocyte aspiration increased significantly during the study period, from 27.0% to 36.3% (odds ratio (OR) 1.039, 95% CI 1.035-
1.043) and from 30.0% to 43.3% if at least one ET was performed (adjusted OR 1.055, 95% CI 1.050—-1.059). The increase in CLBR was
independent of maternal age, number of oocytes retrieved and number of previous IVF live births. The CLBR for women <35 and
>35years both increased significantly, following the same pattern. During the study period, a substantially increasing number of blastocyst
transfers was performed, both in fresh and in FET cycles. Other important predicting factors for live birth, such as number of embryos
transferred, could not explain the improvement. An increased single embryo transfer rate was observed with time.

LIMITATIONS, REASONS FOR CAUTION: The retrospective design implicates that other confounders of importance for CLBR can-
not be ruled out. In addition, some FET cycles might be performed later than | year post oocyte aspiration for the last year (2017) and
are, thus, not included in this study. In addition, no data on ‘dropouts’, i.e. patients that do not continue their treatment despite having
cryopreserved embryos, are available, or if this drop-out rate has changed over time.

WIDER IMPLICATIONS OF THE FINDINGS: The results suggest that blastocyst transfer, particularly when used in FET cycles and in
combination with vitrification, is an important contributor to the improved live birth rates over time. This gives a possibility for a lower
number of oocyte aspirations needed to achieve a live birth and a shortened time to live birth.
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WHAT DOES THIS MEAN FOR PATIENTS?

This study aims to investigate the trend over time for success rates after IVF treatment, and which factors that might explain this trend.
Data from all 124 700 complete IVF treatment cycles performed in Sweden during 20072017 were analyzed. A complete IVF treatment
cycle was defined as the total result from all embryo transfers generated from one oocyte aspiration (egg retrieval) and performed within

During this time period, the chance of having a live born baby increased from 27% to 36.3% per complete IVF cycle. The most distinct
difference was observed if a blastocyst (an embryo 5-6 days old) was transferred compared to an embryo 2-3 days old.

In recent years, the techniques for embryo culture to the blastocyst stage and for embryo cryopreservation (i.e. freezing) have greatly
improved, allowing more blastocysts available for transfer. This implies that a smaller number of oocyte aspirations might be needed and
that the time to achieve a pregnancy and birth of a live born baby may be shortened.

Introduction

Results after IVF have historically been calculated in many different
ways; most commonly, pregnancy rate or live birth rate (LBR) per
started cycle, per oocyte aspiration or per embryo transfer (Wilkinson
et al, 2016). To minimize multiple births and thereby improve neona-
tal and maternal outcome, the concept of ‘birth of a single (healthy)
child’ has been suggested (ESHRE Capri Workshop 2000). The most
efficient way to achieve this goal is to transfer only one embryo at a
time (Thurin et al., 2004).

Cryopreservation was for many years considered a secondary treat-
ment during IVF, with rather poor embryo survival rates and low LBRs
compared to fresh embryo transfer. In the last few years, the situation has
changed. The use of extended embryo culture to the blastocyst stage has
increased, and cryopreservation of blastocysts by vitrification has consider-
ably improved cryosurvival rates (Li et al., 2014; Rienzi et al., 2017).

Cumulative live birth rates (CLBR), defined as the proportion of de-
liveries with at least one live birth per started cycle or per oocyte aspi-
ration, including all fresh and/or frozen embryo transfers until one
delivery with a live birth or until all embryos were used, whichever
occeurs first, may, therefore, be considered a more relevant variable,
even though it may take some time from initiation of a cycle until
these data can be collected.

Indeed, some studies propose that the ‘freeze-all’ strategy should
be preferred in all IVF cycles. However, while use of vitrified/warmed
blastocysts has led to significantly higher pregnancy and LBRs after fro-
zen embryo transfer (FET) compared to slow-frozen/thawed cleavage
stage embryos, conflicting results have been reported after the use of
the freeze-all strategy. Five large randomized controlled trials (RCTs),
using cleavage stage embryos as well as blastocysts, have investigated
the differences in LBR following fresh embryo transfer (ET) and FET in
freeze-all cycles (Chen et dl., 2016; Shi et al., 2018; Vuong et al., 2018;
Wei et dl., 2019; Stormlund et al., 2020). Four of these studies were
performed in Asia. Significantly higher live birth rates were found in

anowulatory patients (Chen et al., 2016), while for ovulatory patients,
most studies showed no difference in LBR between freeze-all and fresh
transfer (Shi et al., 2018; Vuong et al., 2018). In a recent study, per-
formed in European countries and applying single embryo transfer
(SET), no difference in ongoing pregnancy rate or LBR was observed
when comparing the freeze-all blastocyst group to the fresh blastocyst
group in ovulatory women (Stormlund et al., 2020). Furthermore, in
another recent RCT from the Netherlands, a strategy with freeze-all
of blastocysts was inferior to fresh blastocyst transfer followed by FET,
concerning ongoing cumulative pregnancy rate, in unselected infertile
women (Wong et al., 2021).

The aim of this study was to investigate if CLBR has improved over
time, using an |l-year period from the Swedish National Quality
Registry for ART (Q-IVF) and, if an improvement is observed, to ex-
amine which factors are associated with such an improvement.

Materials and methods

A population-based register study was performed with data derived from
the Swedish Q-IVF registry during the period 2007-2017 (www.qgivf:se).

The Q-IVF registry was launched in 2007 and includes treatment
data and pregnancy outcomes from all IVF cycles carried out in
Sweden, both in public and private clinics, and with full identification of
the patients, making it possible to collect cumulative data from all fresh
and FET cycles from individual patients. Results are public and posted
as aggregated data on the registry website. All patients are informed
about the registry and, although voluntary, it is very rare that patients
choose not to have their data included. Hence, the registry has an al-
most complete coverage.

Data on all oocyte aspirations performed in Sweden during the time
period 2007-2017 (n= 124 700) were included in the study, however,
oocyte donation cycles were excluded. All ET (fresh and/or frozen)
from one oocyte aspiration and performed within |year after the
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oocyte aspiration were included. The time limit of | year was chosen
since very few patients, less than 3% of the cycles in the Q-IVF data-
base, still have cryopreserved embryos left, mainly because the
patients already had a baby from this oocyte retrieval, meaning that a
further FET and a further baby would not contribute to the CLBR for
that particular oocyte aspiration cycle. Furthermore, cryopreserved
embryos mainly derive from the last year(s) meaning that if anything,
transferring, and including also these embryos would further, to a small
extent, increase the CLBR.

Transfers of cleavage stage embryos (Says 2-3) as well as blastocysts
(Days 4-6) were included. Natural cycles, modified (aromatase inhibi-
tor stimulated) cycles or programmed cycles were used for FET.
Cryopreservation of cleavage stage embryos was performed by slow
freezing on Days 2-3 and cryopreservation of blastocysts by vitrifica-
tion on Days 5-6 after oocyte aspiration.

In the analysis, CLBR per oocyte aspiration was defined as the pro-
portion of deliveries with at least one live birth per oocyte aspiration,
including all fresh and/or frozen ETs, until one delivery with a live birth
or until all embryos were used within | year, whichever occurred first.
The delivery of a singleton, twin, or other multiples was registered as
one delivery (Zegers-Hochschild et al., 2017). Calculations were per-
formed both for the entire cohort of patients undergoing oocyte aspi-
ration, as well as separately for the cohort of patients who achieved at
least one ET (fresh or frozen-thawed cycle). Pregnancies conceived
naturally were excluded.

The primary outcome was CLBR and secondary outcomes were
LBR in fresh and FET cycles.

Ethical approval

The study was approved by the Regional Ethics Committee at
Gothenburg University, D nr T 892-18.

Statistical analysis

Descriptive statistics are given by number and percentage with 95% Cl
obtained using normal approximation. Crude odds ratios (OR) and ad-
justed odds ratios (AOR) with 95% Cl| were obtained using General
Estimation Equation (GEE) models, adjusting for dependence within
each woman (statistical package SPSS version 25, IBM Corp., Armonk,
NY, USA) The ORs and AORs for live birth after a fresh cycle, and
cumulatively after fresh and subsequent FET cycles, respectively, were
obtained by including year of oocyte retrieval in the models as a con-
tinuous variable. Adjustments were performed for maternal age (con-
tinuous), blastocyst transfer (yes/no), number of oocytes retrieved
(continuous) and number of previous live births after IVF treatment
(continuous), where specified. The ORs obtained from the multivari-
able analyses were used to produce estimates of the live birth proba-
bilities shown in the figures: Adjusted live birth probability= e2*)/
(1+€%%), where g(x)=Po+B "%+ B2+ B3*xa+ . .+ By, and Bo is
the intercept, and the coefficients B,—f,, are the logarithms for the
obtained ORs, and the x, to X, are the population means for the pos-
sible confounders 2 to n (supposing that X, is the year of oocyte re-
trieval, which is the variable of interest in the current study). The
models were checked regarding linearity and no signs of any interac-
tions were found. Different models for ‘number of oocytes retrieved’
were tested—but none of these had any impact on the variable of in-
terest (= the year of oocyte retrieval) in relation to treatment

outcome. Missing information on maternal age and number of oocytes
retrieved (0.4% and 0.04% of all observations, respectively) were
replaced by the overall means. For the variable number of previous
IVF live births, missing data was 0%. For the variable live birth, the
missing number was 0.2%. Missing data for live birth were replaced by
no live birth. A p-value less than 0.05 was considered significant.

Results

During the period 2007-2017, 124 700 oocyte aspirations were per-
formed (in 61 313 women), with 65 304 aspirations in women
<35years and 59 396 in women > 35 years, resulting in 38 403 deliv-
eries with live born children. The number of oocyte aspirations per
year showed a slow increase during the time period (Supplementary
Table SI). Treatment characteristics are presented in Table |. The rate
of blastocyst transfers increased rapidly in Sweden during the time pe-
riod, for fresh transfers from 5% in 2007 to 31% in 2017 and for FET
from 6% to 88.0% (Table I). Mean maternal age at oocyte aspiration
was 33.5 (SD 6.3) years, and did not change substantially during the
study period, neither did the number of ococytes retrieved per oocyte
aspiration (Supplementary Table SlI), while the rate of SET increased.

Cumulative live birth rate

The CLBR per oocyte aspiration increased significantly during the study
period, from 27.0% to 36.3%, OR for increase per year 1.039 (95% Cl
1.035-1.043) (Fig. I, Supplementary Table Slll). Adjustment for mater-
nal age, maternal age and number of retrieved oocytes, or maternal
age and number of retrieved oocytes and number of previous IVF live
births, did not change the estimate of the increase per year (AOR
1.038, 95% CI 1.034-1.042, AOR 1.038, 95% CI 1.034-1.042, and
AOR 1.034, 95% Cl 1.030-1.039, respectively). The contribution from
fresh transfers to the CLBR stayed fairly constant during the time pe-
riod, at around 23%, while the contribution from FET increased
steadily (Fig. I). The observed and the predicted regression curves in
the statistical analyses for LBR after one oocyte aspiration fitted well,
both for fresh ET, FET and for cumulative results (Fig. 1).

Delivery rates were negatively affected by age, AOR for |-year-age-
increase: 0.918 (95% Cl 0.915-0.921), however the CLBR for women
<35 and >35years, respectively, increased for both age groups, fol-
lowing the same pattern (Fig. 2). Similarly, the number of oocytes re-
trieved was significantly associated with LBR and CLBR (P < 0.001) but
did not affect the AOR per year.

CLBR among oocyte aspirations leading to at least one ET, either
fresh or FET, and separated into cleavage and blastocyst stage ET is
presented in Fig. 3. Thus, in this graph, oocyte aspiration resulting in
no ET (fresh or FET) is excluded. The number of culture days shown
in the graph represent the latest performed ET, either leading to live
birth or being the latest ET within | year after one oocyte aspiration.
CLBR when at least one ET was performed increased during the study
period independent of embryo stage at the last ET; after cleavage
stage ET from 28.8% to 33.5% and after blastocyst transfer from
36.0% to 52.5%. Including both types of transfers, CLBR after at least
one ET increased from 30.0% to 43.3%. The increases over time in
live birth after any kind of ET, and live birth when the last ET was a
blastocyst transfer, were highly significant (AOR 1.055, 95% CI
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Table I Maternal and treatment characteristics in a study of trend in cumulative live birth rate after IVF over time.

Year of treatment

Oocyte aspirations, n

Maternal age> 35 years, n (%)

ICSI, n (%)
SET, fresh, n (%)
SET, FET, n (%)

Blastocyst transfer rate, fresh, n (%)

3766 (38.5)
4508/9533 (48)
5973/8536 (70)
3024/3909 (74)
427/8536 (5)

4965 (43.3)
5199/10 542 (50)
7071/9317 (74)

102579317 (11)

4784 (40.1)
5335/10 943 (48)
7203/8576 (84)
6584/6718 (98)
2659/8576 (31)

Blastocyst transfer rate, FET, n (%)

Number of oocytes retrieved, median (IQR) 9(7)

235/3909 (6)

(
4508/5085 (89)

(

(

1525/5085 (30) 5912/6718 (88)
8(7) 9(7)

Data from www.qivf.se.
SET, single embryo transfer; FET, frozen embryo transfer; IQR, interquartile range.
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and results from general estimation equations (GEE) analysis.

1.050-1.059) and (AOR 1.658, 95% CI 1.609-1.709) (Fig. 3). The ob-
served and the age-adjusted predicted regression curves in the statisti-
cal analyses for delivery rates fitted well, both for fresh ET, FET and
for cumulative results. When including adjustment also for blastocyst
transfer, the increasing trend in CLBR by year was substantially weak-
ened for FETs (Fig. 4, Supplementary Table SlII), indicating that the in-
crease in LBR, particularly for FET, is highly associated with blastocyst
transfer.

Discussion

In this large national observational study, we demonstrate a substantial
increase over time in CLBR. This increase took place despite an in-
creased SET rate and independent of maternal age, number of oocytes
retrieved or earlier IVF live births. Although there may be several pos-
sible contributing factors for this positive development, the most strik-
ing changes during this more than |0-year period are the partial shifts
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from transfer of cleavage stage embryos to blastocysts for fresh em-
bryos, and from slow-freezing of early cleavage stage embryos to vitri-
method. The
observation that the increase over time in CLBR was substantially re-

fication of blastocysts as the cryopreservation
duced, and for FET almost disappeared, when adjusting for blastocyst
transfer suggests that blastocyst transfer has a major impact on the in-
crease in CLBR seen during the study period. An important contribu-
tor, however, and included in the blastocyst strategy, may be the
extended culture of the total cohort of embryos from one oocyte as-
piration to reach the blastocyst stage. It is known that a certain num-
ber of poor quality embryos on Days 2 and 3 will develop into good
quality blastocyst (20-35%) with good implantation rates (Poulain
et al, 2014; Kaartinen et al., 2015; Sallem et al., 2018). Considering
that these embryos previously often were discarded at early cleavage
stages, they now contribute to the total number of available blasto-
cysts and may increase the chance of a live birth within that oocyte as-
piration cycle. In addition, the use of vitrification as cryopreservation
method has shown improved cryosurvival rates, adding even further to
the numbers of blastocysts available for transfer from the cohort (Li
et al, 2014; Fernandez-Shaw et al., 2015). Other possible confounding
variables, such as culture media, have changed during these years and
may have contributed to improved LBRs, although not shown in any
controlled trial.

Since the cumulative data include a mix of blastocyst and cleavage
stage transfers from the same oocyte aspiration with several combina-
tions, we chose to analyze trend over time, instead of comparing blas-
tocyst versus cleavage stage embryos. Even though a large randomized
trial comparing blastocyst versus cleavage stage embryos for CLBR

would give the best evidence, large observational studies have their
value in reflecting real life data.

A major change in culture duration and cryopreservation technique
have taken place in recent years, where a combination of blastocyst
culture and vitrification of surplus embryos has been shown to be suc-
cessful and resulted in high pregnancy rate and LBR. Although a
Cochrane review found higher LBR after blastocyst compared to cleav-
age stage transfer in fresh cycles, the situation was less clear for CLBR
(Glujovsky et al., 2016). No difference in CLBR was demonstrated,
however, all but one small study in this review used slow freezing for
blastocysts. In a study from Spain, including 120 patients, a significantly
higher ongoing pregnancy rate was found for blastocysts, also on a cu-
mulative basis, when using vitrification as cryopreservation method
(Fernandez-Shaw et al., 2015).

In a retrospective study from Belgium, no difference in CLBR for
Day 3 versus Day 5 transfer was found when including both fresh ET
and FET from the same oocyte aspiration (n= 1000 patients) (De Vos
et al, 2016). However, the early transfer policy required a higher num-
ber of transfers and thus a longer time to reach a live birth. Another
more recent and larger retrospective study, also from Belgium,
showed a similar CLBR for Days 3 and 5 transfers, however, when
adjusting for age and number of retrieved oocytes, a significantly higher
CLBR after Day 5 transfer was found, given that patients received a
fresh blastocyst (De Croo et al., 2019). It is important to note that
the study by de Vos et al. (2016) included only young women in their
first cycle having >4 oocytes aspirated, while the de Croo et al.
(2019) study compared unselected patients from two time periods
with only cleavage stage transfers performed in one period and only



Saket et al.

10

2007 2008 2009 2010 2011

2012 2013 2014 2015 2016 2017

Year of oocyte aspiration

—Day 2-3 —Day 4-6 AnyET

Figure 3. CLBR per oocyte aspiration, where oocyte aspirations not amounting to any embryo transfer are excluded.
Categorized by day of transfer, Days 2 and 3 (cleavage stage), Days 4—6 (blastocyst stage) and both groups altogether (any embryo transfer: ET). All
three graphs show CLBR. The number of culture days in the graph represents the latest performed ET, either leading to live birth or being the latest
ET within | year after one oocyte aspiration. CLBR, cumulative live birth rate. ET, embryo transfer.

blastocyst transfers in a later period. The improved CLBR for those re-
ceiving transfer in the de Croo study suggests that a selective use of
blastocyst culture in cycles with a higher number of oocytes/embryos
may be superior to performing blastocyst culture for all women. Our
present study where a substantial increase in CLBR over time is no-
ticed when using blastocyst culture selectively in fresh cycles and fre-
quently in FET cycles, also support such a selective regime. In a recent
large population-based retrospective study from UK, CLBR was com-
pared between cleavage stage embryos and blastocysts for first cycles.
Although a higher CLBR was achieved in the blastocyst group, this dif-
ference disappeared in the adjusted analysis (Cameron et al., 2020).
However, although including around 100 000 patients, there were sev-
eral limitations to this study, as acknowledged by the authors. The
transfer stage was only based on the fresh cycle and no information
was available on embryo stage for cryopreserved embryos or cryo-
preservation method. Furthermore, the dataset includes data only up
to 2010.

Whether all patients would benefit from blastocyst culture for the
fresh transfer, also when very few oocytes are retrieved, cannot be an-
swered in the present study. To answer that question a randomized
trial is needed. However, the idea behind blastocyst culture/blastocyst
transfer is to select potentially more viable embryos, and if only one
embryo is available on Day 2/3 then no selection problem exists.
Even if an RCT was initiated comparing live birth after blastocyst

versus cleavage stage embryos, it is doubtful that poor prognosis
patients, where only a few oocytes are retrieved, would be included.

For many years, there has been a debate on how to best express
efficacy in ART (Min et al., 2004). A systematic review, including RCTs
performed in IVF treatments, found more than 800 different combina-
tions of numerator and denominator, and no specific outcome mea-
sure appeared in the majority of studies. Furthermore, in only a
minority of the studies, the entire randomized cohort was included
when calculating the primary outcomes, such as LBR, while most trials
used subgroups for their analyses (Wilkinson et al., 2016). The issues
with the lack of common reporting standards have been addressed by
the CoRe Outcomes in WomeNis health CROWN initiative regarding
all diagnoses in women'’s health, claiming that this is a hindrance in the
synthesis of evidence (Khan 2014). The ‘Improving the Reporting of
Clinical Trials of Infertility Treatments (IMPRINT) recommendations’ is
to always present LBR and CLBR in infertility trials (Legro et al., 2014;
Maheshwari et al., 2015).

However, in ART, safety issues also have to be addressed. A shift
to more blastocyst culture results in a higher proportion of children
being born after FET. Several large studies and meta-analyses have
shown better perinatal outcome in terms of lower rates of preterm
birth (PTB), low birthweight and small for gestational age (SGA) fol-
lowing FET in comparison to fresh transfer (Wennerholm et al., 2013;
Pinborg et al., 2013; Maheshwari et al., 2018). However, higher rates
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of high birthweight and large for gestational age (LGA) (Pinborg et dl.,
2013; Wennerholm et al, 2013; Berntsen and Pinborg, 2018;
Maheshwari et al, 2018) have been reported for children bom after
cryopreservation. While the late consequences of PTB or SGA are quite
well known, with increased risk of cardiovascular and metabolic diseases
(Barker et al., 1993), the risks in the longer term of being LGA or born
with high birthweight are less well documented. For maternal outcomes,
the most prominent risk in pregnancies after FET compared to fresh ET
seems to be higher risk of hypertensive disorders of pregnancy, as dem-
onstrated in several large studies and meta-analyses (Ishihara et al., 2014;
Opdahl et al., 2015; Maheshwari et al., 2018). Large Nordic population-
based studies on children born after blastocyst transfer compared to chil-
dren born after cleavage stage transfer have found similar risks for most
perinatal outcomes between the two techniques while some placenta-re-
lated complications seemed increased (Ginstrom Emstad et al., 2016;
Spangmose et al., 2020). Also, change of cryopreservation method to vit-
rification of blastocysts seemed reassuring, indicating that the freezing
technique per se had no major influence on the perinatal and maternal
outcomes (Ginstrom Ernstad et al., 2019).

The strengths of our study are the size and completeness of the
data, with all IVF cycles performed in Sweden during an | |-year period
being included. The main weakness is the retrospective design where
unmeasured confounders might play a role. A further weakness is the
follow up time for CLBR being limited to | year, which might amount
to some FET cycles being performed later and thus not being included
in the study. In addition, no data on ‘dropouts’, i.e. patients that do

not continue their treatment despite having cryopreserved embryos,
are available, or if this drop-out rate has changed over time.

In conclusion, a substantial increase in CLBR has taken place over
time, in parallel with an increase in blastocyst transfer, particularly when
used in FET cycles. This development is observed in parallel with a high
and increasing use of SET, resulting in a low multiple birth rate.

Supplementary data

Supplementary data are available at Human Reproduction Open online.
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