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Background: Nowadays, frozen-thawed embryo transfer (FET) cycles represent a
high proportion of fertility treatments worldwide. Recent studies suggest differences in
pregnancy outcomes depending on the FET treatment protocol used. The reason for
this is still unclear, but the number of corpora lutea (CL) at conception is discussed as a
possible factor. This study aims to investigate whether maternal and neonatal outcomes
for pregnancies following FET lacking a CL differ from FET with one or more CL in order
to explore a potential link between CL absence and adverse pregnancy outcomes.

Methods: The study was designed as a retrospective, multi-center observational study
with two cohorts after singleton live birth [0 CL cohort (FET in a programmed cycle,
n = 114) and > 1 CL cohort (FET in a natural or stimulated cycle, n = 68)]. Participants
completed a questionnaire on the outcome of pregnancy and birth records were analyzed
in a descriptive way. Multivariable logistic and linear regressions were performed in order
to explore associations between CL absence and pregnancy outcomes. The strength of
the agreement between the information in the survey and the diagnoses extracted from
the files was assessed by Cohen’s Kappa.

Results: The risk of hypertensive disorders of pregnancy was higher after FET in the
absence of a CL compared to FET with CL presence (aOR 5.56, 95% CI 1.12 - 27.72).
Birthweights and birthweight percentiles were significantly higher in the O CL group. CL
absence was a predictor of higher birthweight (adjusted coefficient B 179.74, 95% ClI
13.03 — 346.44) and higher birthweight percentiles (adjusted coefficient B 10.23, 95%,
95% Cl 2.28 — 18.40) particularly in female newborns of the O CL cohort. While the
strength of the agreement between the reported information in the survey and the actual
diagnoses extracted from the files was good for the majority of outcomes of interest it
was fair in terms of hypertension (« = 0.38).

Conclusion: This study supports observations suggesting a potential link between
a lack of CL at conception and adverse maternal and neonatal outcomes. Further
investigations on causes and pathophysiological relationships are yet to be conducted.

Keywords: birthweight, hypertensive disorders of pregnancy, pregnancy outcome, stimulated cycle, natural cycle,
programmed cycle, corpus luteum, frozen-thawed embryo transfer
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INTRODUCTION

Over the last two decades, the number of recorded assisted
reproductive  technology ~(ART) treatments has been
continuously rising, with a 5.3-fold increase in Europe and
a 4.6-fold increase in the USA from 1997 to 2016 (1).

Amongst ART treatments, frozen embryo transfer (FET) plays
an increasingly central role (2) with delivery rates per embryo
transfer in thawing cycles exceeding that in fresh cycles in the
USA, Australia and New Zealand for years now (1). Commonly
used cycle protocols in order to prepare the endometrium
for FET include natural cycles (pure or modified), stimulated
cycles (with ovulation induction), and programmed cycles (with
hormonal replacement), of which the first two options imply
corpus luteum (CL) presence—in opposition to the latter with CL
absence (2). Of these three options FET in a programmed cycle
is the most frequently applied protocol (3), with a current 75%
share in Germany for example.

The increasingly important role of FET makes it imperative
to ask which cycle protocol is most beneficial and safest in terms
of both maternal and neonatal outcomes. Several studies suggest
higher rates of adverse maternal outcomes, e.g., hypertensive
disorders of pregnancy (HDP) (4-10), preeclampsia with preterm
delivery (10), postpartum hemorrhage (11) and adverse neonatal
outcomes, e.g., large for gestational age (LGA) birthweight (5,
8, 12-14), postterm birth, macrosomia (8, 12), and perinatal
mortality (14), in pregnancies arising from FET compared to
fresh embryo transfers and spontaneous conceptions.

However, the reasons behind this are still unknown. Recent
studies imply a link between CL absence and specific maternal
and neonatal outcomes, such as macrosomia (15), postterm birth
(16), HDP (2), postpartum hemorrhage (15-17), and Cesarean
section rate (15, 16, 18-20).

In programmed cycles, estradiol and progesterone are being
substituted, which does not apply to other vasoactive products
normally produced by the CL, like relaxin and vascular
endothelial growth factor (21, 22). Recent findings indicate that
those play a crucial role in the physiologic preparation for and
adaptation to pregnancy, for instance maternal cardiovascular
and renal changes in early pregnancy (23-26), regulation of
endometrial function (23), preparation for implantation (27),
and initial placentation (21). Malfunctions or absence of these
processes have been linked to higher risks for developing adverse
pregnancy outcomes like preeclampsia (23, 25, 27, 28).

Further investigations on the causal relations between CL
number at conception might eventually have an impact on
commonly used ART protocols, potentially leading to lower
risks for adverse maternal and neonatal outcomes. Hence, we
conducted a retrospective study aiming to assess maternal and
neonatal outcomes after FET in a multi-center cohort in order
to explore a potential link between CL absence and adverse
pregnancy outcomes.

MATERIALS AND METHODS

Participants
This retrospective study included information from all FET
cycles conducted between June 1997 and November 2019 at three

German Fertility Centers. Women with known singleton live
birth from autologous oocytes after FET were initially contacted
via telephone or alternatively via email between January and
October 2019. After providing informed consent, participants
agreed to the release of medical records by the delivery hospitals
and completed a questionnaire. The survey included 16 questions
regarding delivery hospital, maternal characteristics, the fertility
treatment, the pregnancy of interest and previous pregnancies.
The survey data acted as an indispensable presupposition for
the request of medical records from the respective delivery
hospitals. This procedure also enabled a comparison between
survey answers and information from medical records as well
as the assignment between participant and delivery hospital. A
reminder was being sent after 4 weeks in case of non-response.
Participation in the survey was online using the software SoSci
Survey (versions 3.1.04 and 3.2.00) or if requested via mail
Participants were grouped according to the absence or presence
of CL: those after FET in a programmed cycle (with hormonal
replacement) were assigned to the 0 CL cohort and those after
FET in a natural cycle (pure or modified) or FET in a stimulated
cycle (ovulation induction using low-dose gonadotropins) were
assigned to the >1 CL cohort.

Endometrial Preparation Protocols

The choice of endometrial preparation protocol depended on
physician or center preference and patient’s characteristics.
Endometrial preparation for the programmed cycle protocol
included a vaginal ultrasound on day 2 or 3 of the menstrual cycle
and the administration of 4-6 mg oral estradiol valerate per day.
The dose was increased by 2-4 mg per day if the endometrial
thickness didn’t reach >7 mm on day 10-12 of the menstrual
cycle. Once endometrial thickness reached >7 mm endometrial
transformation was induced by 600 mg vaginal progesterone
daily. Oral estradiol valerate and vaginal progesterone were
continued until 10-12 weeks gestation. In women using a
natural cycle regimen the development of a dominant follicle
was monitored by vaginal ultrasound and serum estradiol and
luteinizing hormone (LH) analysis until ovulation was triggered
by a subcutaneous human choriogonadotropin (hCG) injection
in all but one participant. Vaginal progesterone for luteal phase
support was administered at a dose of 200-300 mg daily. The
endometrial preparation in a stimulated cycle started after a
vaginal ultrasound with a daily injection of follicle stimulating
hormone (37.5-75 IU) on day 3-5 of the menstrual cycle
for ovulation induction. The dose was adjusted depending on
BMI, previous ovarian response and ovarian reserve. Follicular
growth was monitored by vaginal ultrasound, serum estradiol
and LH analysis. Subcutaneous hCG was administered once
the dominant follicle reached >17 mm. Luteal phase support in
stimulated cycles corresponded to that for (modified) natural
cycles and was continued until 10-12 weeks’ gestation.

Outcomes

Information on demographic characteristics and fertility
treatment was extracted from the respective medical records of
the fertility clinics, specifics on delivery, peripartal, and perinatal
course from medical records requested from the hospital in
which the participants delivered their children.
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Primary maternal outcome was the incidence of hypertensive
disorders of pregnancy under consideration of the current
national (29) and international definitions (30), including
gestational hypertension, preeclampsia, eclampsia, or HELLP-
syndrome. Adjudication of a diagnosis was performed
blinded, e.g., excluding information about the relevant
study group, by a trained obstetrician. Secondary maternal
outcomes were the incidences of postpartum hemorrhage,
placenta-associated complications (placenta accreta, retained
placenta, or placenta praevia), gestational diabetes and Cesarean
section rate.

Neonatal outcomes were preterm birth (birth < 37 gestational
weeks), low (<2,500¢g) and very low birthweight (<1,500g),
macrosomia (>4,000 g), small for gestational age (SGA) (<10th
percentile), LGA (>90th percentile), neonatal morbidity (e.g.,
icterus, infection, sepsis, infant respiratory distress syndrome,
and hypoglycemia), admission to intermediate care unit
(ICU) or neonatal intensive care unit (NICU) and major
birth defects.

Statistical Analysis

Data distribution was examined using the Shapiro-Wilk
test. Descriptive statistics are presented by number (n)
and percentages for categorical variables and by mean and
standard deviation or median and interquartile range for
continuous variables.

Students t-test or Mann-Whitney test were performed
to identify the significant differences between mean
values of two continuous variables. Chi-square (x2) or
Fisher’s exact test were performed to test for significant
differences in proportions of categorical variables between the

two groups.
Multivariable logistic  regression and multivariable
linear regression analyses were conducted to calculate

crude (OR) and adjusted odds ratios (aOR) as well
as coefficient B with 95% confidence interval (CI) for
maternal and neonatal outcomes. Adjustments were made
for the effect of the following confounders which are
well-known risk factors for the studied outcomes: age >
40 vyears, nulliparity, polycystic ovary syndrome (PCOS)
or anovulation, intracytoplasmic sperm injection (ICSI),
transfer of > 1 embryo (for maternal outcomes) and child’s
sex, nulliparity, HDP, placenta-associated complications,
smoking during pregnancy, and gestational diabetes (for
neonatal outcomes).

For the comparison between survey answers and verified
diagnoses, we report the difference in prevalence. Cohen’s Kappa
function was used to calculate agreement between survey answers
and verified diagnoses.

Inferential statistics are used in a descriptive manner.
According to Fishers approach p-values are interpreted as
a metric measure of evidence against the respective null
hypothesis. Thus, no global significance level was determined,
and no adjustment for multiplicity was applied. However,
p-values < 0.05 were considered statistically noticeable. All
analyses were performed using the software SPSS, versions 26
and 27.

RESULTS

Participants

In all three participating fertility clinics, overall 8,700 FET’s
were conducted between 1997 and 2019. This led to a total
of 1,131 documented live births. Out of this group, 260
women were excluded because of multiple births and 24
because of lacking contact data. The cohort of contacted people
comprised a number of 847, from which 612 were excluded
due to unsuccessful contact, refusion of participation or no
respond to the survey. Among the 235 completed surveys
and informed consents, partially including information on
various pregnancies, 238 eligible pregnancies resulted. In 56
cases we could not get access to the participants’ medical
records. The final number of singleton live births after FET
with autologous oocytes included in the study was 182 of
which 114 (62.6%) were performed in the absence of a CL
(programmed FET cycles) and 68 in the presence of a CL [22
(12.1%) in natural FET cycles and 46 (25.3%) in stimulated
FET cycles]. These data are outlined in a study flow diagram
(Supplementary Figure 1).

Categorized by the fertility clinics, 43 (23.6%) of the
participants were treated at center 1, 107 (58.8%) at center 2,
and 32 (17.6%) at center 3. Participants’ response rates to the
survey were significantly divergent between the three fertility
clinics—with a 82.1% response rate from patients who received
their embryo transfer in center 1, 69.4% in center 3, and 60.3% in
center 2 (p = 0.006).

Baseline and Medical History

Characteristics

Table 1 sets out baseline and medical history characteristics
of the participants. Characteristics e.g., age, body-mass index
(BMI), parity, participants’ and partners’ ethnicities, smoking and
alcohol consumption during pregnancy, history of HDP in prior
pregnancies and pre-existing comorbidities were comparable
between both groups. In the 0 CL cohort, male infertility occurred
more often while in the >1 CL group more participants had
experienced recurrent pregnancy loss or more than one embryo
had been transferred.

Maternal Outcomes

After adjustment for potential confounders, FET in the absence
of a CL was associated with a higher risk of HDP (aOR 5.56,
95% CI, 1.12 - 27.72) when compared to FET with a CL.
There was no difference in the incidences of postpartum
hemorrhage, placenta-associated complications, gestational
diabetes and Cesarean section rate (Table 2) or in incidences
of preeclampsia subtypes with regards to onset and severity of
disease (Table 3).

Neonatal Outcomes

There were no differences for neonatal outcomes with regards to
preterm birth, low and very low birthweight, macrosomia, SGA
birthweight, LGA birthweight, neonatal morbidity, admission to
ICU or NICU and major birth defects between the two cohorts
(Table 4). Newborns conceived in the absence of a CL were on
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TABLE 1 | Baseline and medical history characteristics?.

TABLE 1 | Continued

0CL >1CL  P-value 0CL >1CL P-value
(n=114) (n =68) (n=114) (n =68)
Age Smoking during pregnancy 3(2.6) (1.5) =>0.9
Maternal age at children’s birth—years 35.0+3.8 355+3.7 0.38 Alcohol consumption during pregnancy 0(0.0) 0(0.00 NA
Maternal age 18-29 years 8 (7.0) 4(.9 =09 History of HDP in prior pregnancy
Maternal age 30-34 years 44 (38.6) 24 (35.3) 0.66 Preeclampsia or HELLP-syndrome in prior 2(1.8) 1(1.5) =09
Maternal age 35-39 years 46 (40.4) 29 (42.6) 0.76 pregnancy
Maternal age >40 years 16 (14.00 11 (16.2) 0.69 Unknown 13 (11.4) 344 017
BMI Pre-existing diseases
Maternal BMI pre-pregnancy —kg/m? 231+6.7 236452 0.76 Autoimmune disease 1.6 8(11.8) 073
Maternal BMI (kg/m?) 5 (4.5) 230 071 Chronic hypertension 439 @4 =09
pre-pregnancy < 18.5 Cardiovascular disease 2(1.8 0(0.00 0.2
Maternal BMI (kg/m?) 69 (59.6) 42 (61.2) 0.89 Chronic kidney disease 2(1.8) 1(1.5) =09
pre-pregnancy 18.5-24.9 Thrombophilia 5 (4.4) 8(11.8) 0.08
Maternal BMI (kg/m?) 25(22.4)  15(22.3) 0.99 Diabetes Type 1 or 2 3(2.6) 3(4.4 068
pre-pregnancy 25-29.9 Hypothyroidism 42(36.8) 18 (26.5) 0.10
Maternal BMI (kg/m?) pre-pregnancy >30 13 (11.7) 8(12.00 0.95 Unknown 5 (4.4) 0(0.0) 0.16
Unknown 2(1.8) 1(1.5 =09
Parity 4Data are presented as mean + standard deviation, median + interquartile range or as
Parity < 1 72(63.2) 89(67.4) 0.46 glilrgf:zgigfsorngag\‘/erlap, does not sum up to 100%.
Parity > 1 41(35.9 28(41.1) 0.46 BMI, body-mass index; CL, corpus luteum; HDP, hypertensive disorder of pregnancy;
Unknown 1(0.9) 1(1.5) ~0.9 ICSI, intracytoplasmic sperm injection; NA, not applicable; PCOS, polycystic
Participant ethnicity ovary syndrome.
European 108 (94.7) 68 (100) 0.09
Asian 4(3.5) 0(0.0) 0.30
African 1(0.9) 0000 >09 average 183 g heavier compared to conceptions in the presence of
Other 1(0.9) 0(0.0) =09 a CL (3,510g + 608 g vs. 3,327.5¢g £ 735g; p = 0.03). The same
Partner ethnicity applies to the birthweight percentile with a mean difference of
European 111 (97.4) 68 (100) 0.29 9, presenting larger values for children born in the 0 CL cohort
Asian 2(1.8) 000 053 in comparison to children born in the >1 CL group (51.5 +
African 0(0.0) 000 NA 41% vs. 42.5 £ 42%, p = 0.02) (Table 4). After adjustment for
Other 109 0000 09 potential confounders, CL absence was a significant predictor
Cause of infertility® of higher birthweight (adjusted coefficient B 179.74, 95% CI
Male factor 105(921) 50(73.5) 0002 13.03 - 346.44) and higher birthweight percentiles (adjusted
Tubal 14(123 120176 028 coefficient B 10.23, 95% CI, 2.28 - 18.40) (Table 5). Figure 1
Uterine 18158 13(19.1) 050 sl}ows tl.le birthweight values plotted on ?eferepce curves for the
Ovarian 24 @14)  7(108) 007 bll‘th\/\.lelght of a healthy German population with a.dJu.stment. for
PCOS o anovulation 23(202) 17(250) 039 gestational week and gender (31). In a sub-analysis birthweight
o and birthweight percentiles were higher in female but not male
Endometriosis 11 (9.6) 11(16.2) 0.17 .
Reourrent pregnancy 1oss 76.9) 12078 001 newborn of the 0 CL cohort than 1{1 tbe >1CL cohort (p= 9.02)
Other w2 @el) 18265 091 (Table 4.). Fem:lile gender w.as a significant predictor of higher
Unknoun 208 209 063 blrthwelght (fldjuste.d coeﬂic1ent. B 267.?5, 95% CI 53..64 -481.07)
N and higher birthweight percentiles (adjusted coefficient B 17.85,
Fertility treatment 95% CI 5.90 - 29.80) in the 0 CL cohort compared to the >1 CL
Sperm source partner 113(99.1) 66 (97.1) 0.29 cohort (Table 6).
Sperm source donor 1(0.9 2.9 055
:\(I;J;Tber of oocytes retrieved 148+6.4 16.0+9.3 0.97 Comparison Between Survey Answers and
CS| treatment 93(81.6) 49 (72.1) 0.32 Verified Diagnoses
Unknown 32.6) 469 043 The survey included questions on complications during
Embryo transfer the index pregnancy, e.g., the occurrence of hypertension,
Embryos transferred > 1 87(763) 61(89.7) 002 preeclampsia, HELLP-syndrome, gestational diabetes, or preterm
Unknown 326 2029 =09 birth. According to the questionnaire, 15 participants (8.2%)
Smoking and alcohol during pregnancy were diagnosed with hypertension during pregnancy, seven
participants (3.8%) with preeclampsia, five participants (2.7%)
(Continued) ~ with HELLP-syndrome, 19 participants (10.4%) participants with
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TABLE 2 | Maternal outcomes of singleton birth after frozen-thawed embryo transfer in the absence (0 CL) or presence (>1 CL) of a corpus luteum?.

Outcomes oCL >1CL P-value Crude OR (95% CI) P-value Adjusted ORY (95% Cl) P-value
(n=114) (n =68)

Hypertensive disorders of pregnancy® 15(18.2) 3(4.4) 0.06 3.28 (0.91-11.79) 0.07 5.56 (1.12-27.72) 0.04

Postpartum hemorrhage 7(6.1) 2 (2.9 0.49 2.16 (0.44-10.71) 0.35 2.05(0.40-10.42) 0.39

Placenta-associated complication® 11 (9.6) 3(4.4) 0.20 2.31(0.62 - 8.61) 0.21 3.41 (0.72 - 16.26) 0.12

Gestational diabetes 16 (14.0) 6(8.8) 0.30 1.69 (0.63 — 4.54) 0.30 1.94 (0.66 - 5.74) 0.23

Cesarean section 55 (48.3) 25 (36.8) 0.13 1.60 (0.87 — 2.97) 0.13 1.72(0.87 — 3.43) 0.12

4Data are presented as number (% of total).

bHypertensive disorders of pregnancy includes one of the following: gestational hypertension, preeclampsia, preeclampsia with severe features, HELLP-syndrome.
®Placenta-associated complication includes at least one of the following: placenta praevia, retained placenta, placenta accreta.
9 Adjustments were made for the following confounders: maternal age > 40 years, nulliparity, PCOS or anovulation, ICSI treatment and transfer of > 1 embryo.

CL, corpus luteum,; OR, odds ratio.

TABLE 3 | Preeclampsia subtypes in singleton birth after frozen-thawed embryo
transfer in the absence (0 CL) or presence (>1 CL) of a corpus luteum@.

Preeclampsia subtypes OCL (n=114) >1CL (n = 68) P-value
Early-onset (< 34 weeks) 2(1.8) 0(0.0 0.53
Late-onset (> 34 weeks) 7 (6.1) 34.4) 0.75
Severe features 5 (4.4) 1(1.5) 0.41

4Data are presented as number (% of total).
CL, corpus luteum.

gestational diabetes, 24 participants (13.2%) with preterm birth,
and 123 participants (67.6%) with none of the five diagnoses. The
biggest difference in prevalence of survey answer and verified
diagnosis was observed for gestational diabetes (1.7%) and
for non-occurrence of the five diagnoses (—1.6%). Differences
between survey answers and verified diagnoses were minimal for
hypertension (1.1%), preeclampsia (—0.6%), HELLP-syndrome
(0.5%), and preterm birth (1.1%).

When comparing survey answers and verified diagnoses,
almost perfect agreement (Cohen’s Kappa) was observed
for preeclampsia (0.93), HELLP-syndrome (0.87), gestational
diabetes (0.92), and preterm birth (0.87). Agreement was fair
in terms of hypertension (0.38) and substantial in terms of
non-occurrence of the five diagnoses (0.80). Ten participants
(16.9%) reported not having been diagnosed with one of the
five complications, albeit we detected at least one of the
diagnoses in these participants’ medical records. For further
details, see Table 7.

DISCUSSION

Our study evaluated the effect of CL absence in FET cycles
on obstetric and neonatal outcomes in a German cohort,
which included singleton deliveries. We confirmed a higher
risk to develop HDP after FET lacking a CL compared to
FET with CL presence. Additionally, the birthweight and
birthweight percentiles were higher for children born after
conceptions without a CL compared to children born after

conceptions developing a CL. CL absence was a predictor of
higher birthweight and birthweight percentiles particularly in
female newborn.

A Cochrane review published in 2017 concluded that there
was no clear evidence to suggest that one FET protocol is
superior to another with respect to clinical efficacy outcomes
(32). Hence, the decision which protocol to choose is often
mainly on physician’s preference. Due to the flexible planning,
a large number of FET cycles is currently being performed in a
programmed cycle regimen.

However, more recent studies suggest better outcomes with
regards to clinical (19, 33-37), ongoing (19, 33, 38-40), and
live birth (18, 19, 33, 34, 36-38, 40-43) rates in (modified)
natural or stimulated FET cycles compared to cycles performed
in an artificial setting. Nevertheless, these data are from
different populations and quality and mainly from retrospective
observational studies which prompts caution when drawing
conclusions for clinical practice.

Vasoactive products of the CL, which are present in
(modified) natural and stimulated FET cycles, have great
relevance in maternal adaptive circulatory processes during
early pregnancy. Recent findings indicate that a lack of relaxin-
2—as described in patients lacking CL development (44)—
results in attenuated increase in central arterial compliance
and higher preeclampsia risk (3). Our findings support
these data, although our primary outcome also includes
HELLP-syndrome and gestational hypertension in addition
to preeclampsia as one outcome summarized, so that these
models are not fully comparable. However, according to
our hypothesis, the incidence of HDP entities overall would
be affected by CL absence, as a consequence of similar
pathophysiology—demonstrated by the fact that preeclampsia
is commonly defined as the new onset or worsening of
hypertension during pregnancy (45), implying that gestational
hypertension often acts as a precondition. Hence, up to 35%
of patients with gestational hypertension develop preeclampsia
(46). Our findings of an increased risk to develop HDP
are in line with a growing body of evidence accumulating
from mainly observational studies examining the impact of
different FET protocols on maternal and neonatal outcomes
(15, 16, 20, 47-51).
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TABLE 4 | Neonatal outcomes in singleton birth after frozen-thawed embryo transfer in the absence (0 CL) or presence (>1 CL) of a corpus luteum?.

Outcomes oCL >1CL P-value Crude OR (95% CI) P-value Adjusted OR? P-value
(n=114) (n = 68) (95% Cl)
Gestational age, days 277.0 £ 19° 276.5 £ 16 0.63 NA NA NA NA
Gender NA NA NA NA
- Male 61 (53.5)° 38 (55.9)° 0.72
- Female 52 (45.6) 29 (42.6)
Preterm birth (<37 weeks) 14 (12.3) 7(10.3 0.67 1.23(0.47-38.22) 0.67 1.07 (0.38 - 3.04) 0.90
Very preterm birth (<32 weeks) 1(0.9) 0(0.0) 1.0 NA NA NA NA
Birthweight, g 3,510.0 + 608° 33275+ 735 0.03 NA NA NA NA
Birthweight percentile (<1 - >99) 51.5 £ 41¢ 42.5 £ 42 0.02 NA NA NA NA
Birthweight, g (male) 3,5632.5 +69.8 3,430.0 +/- 685.0 0.45 NA NA NA NA
Birthweight percentile (<1 - >99) 47.5 + 40.0 47.5 + 45.0 0.58 NA NA NA NA
(male)
Birthweight, g (female) 3402.3 + 465.4% 3154.0 + 440.9% 0.02 NA NA NA NA
Birthweight percentile (<1 - >99) 57.4 £ 40 37.0 £ 32 0.007 NA NA NA NA
(female)
Birthweight category
Low birthweight (<2,500 g) 9(7.9 4(5.9 0.77 1.39 (0.41 - 4.68) 0.60 1.28 (0.33-4.91) 0.72
Very low birthweight (<1,500 g) 2(1.8) 0(0.0) 0.53 NA NA NA NA
Macrosomia (>4,000 g) 17 (14.9) 8(11.8) 0.54 1.33(0.54-3.27) 0.54 1.42 (0.55 - 3.70) 0.47
SGA (<10 percentile) 8(7.0) 10 (14.7) 0.10 0.44 (017 -1.18) 0.10 0.41(0.14-1.23) 0.11
LGA (>90 percentile) 11 (9.6) 7(10.3 0.92 0.95(0.35-2.58) 0.92 1.00 (0.36 - 2.77) >0.9
Body size newborn - cm 52 + 3° 51 4 44 0.06 NA NA NA NA
Head circumference - cm 35.5 £ 2° 35.0 £ 24 0.07 NA NA NA NA
APGAR <7 at 5min 2(1.8) 0(0.0) 0.53 NA NA NA NA
Neonatal morbidity 8(7.0) 8(11.8) 0.28 0.57 (0.20-1.60) 0.29 0.19 (0.16 - 1.44) 0.19
Admission to ICU or NICU 16 (14.0) 16 (23.5) 0.12 0.54 (0.25-1.17) 0.12 0.49 (0.22 -1.09) 0.08
Major birth defects 4(3.5) 3(4.4) 0.75 0.78 (0.17 - 3.61) 0.75 0.63(0.13-3.15) 0.59

4Data are presented as median =+ interquartile range or as number (% of total).

b113/114 outcomes available.
©111/114 outcomes available.
967/68 outcomes available.

©112/114 outcomes available.

Tlcterus, infection, sepsis, infant respiratory distress syndrome, hypoglycemia.

9Adjustments were made for the following confounders: child’s sex, nulliparity, HDF, placenta-associated complications, smoking during pregnancy, gestational diabetes.

Cl, confidence interval; CL, corpus luteum; ICU, intermediate care unit; LGA, large for gestational age; NICU, intensive care unit; OR, odds ratio; SGA, small for gestational age.
#Means that this value is a mean -+/— standard devation instead of a median value.

TABLE 5 | Neonatal outcome (crude and adjusted coefficient B) for singleton birth after frozen-thawed embryo transfer in the absence (n = 114) or presence (n = 68) of a

corpus luteum.

Outcome Crude coefficient B (95% Cl) P-value Adjusted coefficient B? (95% CI) P-value
Birthweight, g 151.53 (-22.81 — 325.87) 0.09 179.74 (13.03 — 346.44) 0.04
Birthweight percentile (1-100) 9.87 (1.67 - 18.07) 0.02 10.23 (2.28 — 18.40) 0.01

aAdjustments were made for the following confounders: child’s sex, nulliparity, HDP, placenta-associated complications, smoking during pregnancy, gestational diabetes.

Cl, confidence interval.

Previous  studies
occurrence of LGA

report
infants

on the

more
and macrosomia

frequent
after

A possible explanation for our finding is a lower estradiol level
during FET preparation, compared to those in cycles involving

programmed FET cycles (16, 43, 48) while we found
higher  birthweight and birthweight percentile after
FET with CL absence as well as CL absence as
a significant predictor of higher birthweight and
birthweight percentiles.

CL presence. Especially in case of stimulated FET cycles, the
ovarian stimulation might result in supraphysiologial estradiol
levels (52). Several studies suggest that there is an association
between this specific maternal hormonal environment and lower
birthweights in comparison to programmed FET cycles (52-55).
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Additionally, the CL displays the main source of estrogen in early
pregnancy until the placenta begins to contribute the hormone
from about gestational week nine on (56), demonstrating another
reason for lower estradiol levels in FET’s without CL. Having
detected differences not only in birthweights but in birthweight
percentiles as well with the same tendency toward higher
values in the 0 CL cohort implies that gestational age at birth
does not play a role in this outcome but other factors must

determine the differences. In our study female gender was
a predictor of higher birthweight and birthweight percentile
in the 0 CL cohort which hasn’t been described before. In
recent years several studies suggest that biological differences
between the sexes are apparent already in early pregnancy
including different placental gene, protein and micro RNA
expression in adverse conditions (57). Other reports draw
attention to further parameters that could have an impact on
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TABLE 6 | Birthweight and birthweight percentiles (crude and adjusted coefficient B) for singleton male and female birth after frozen-thawed embryo transfer in the

absence (n = 114) or presence (n = 68) of a corpus luteum.

Outcome Crude coefficient B (95% Cl) P-value Adjusted coefficient B? (95% CI) P-value
Birthweight, g (male) 66.94 (-200.48 — 334.35) 0.2 133.86 (-125.09-329.81) 0.31
Birthweight percentile 381.26 (-7.41 - 15.03) 0.67 6.16 (-56.39 - 17.71) 0.29
(<1 ->99) (male)

Birthweight, g (female) 248.27 (37.53 - 459.02) 0.02 267.35 (53.64 - 481.07) 0.02
Birthweight percentile 16.26 (4.08 — 28.44) 0.01 17.85 (5.90 — 29.80) 0.004

(<1 - > 99) (female)

aAdjustments were made for the following confounders: nulliparity, HDF, placenta-associated complications, smoking during pregnancy, gestational diabetes.

Cl, confidence interval.

TABLE 7 | Comparison of complications between survey answers and verified diagnoses for singleton birth after frozen-thawed embryo transfer.

Complication during index Prevalence survey

Prevalence verified

Difference in Agreement (Cohen’s

pregnancy answer, n (%) diagnosis, n (%) prevalence Kappa)
Hypertension 15(8.2) 13(7.1) 11 0.38
Preeclampsia 7 (3.8) 8 (4.4) —-0.6 0.93
HELLP-syndrome 5(2.7) 4(2.2) 0.5 0.87
Gestational diabetes 19 (10.4) 22 (12.1) 1.7 0.92
Preterm birth 24 (13.2) 22 (12.1) 1.1 0.87
Non-occurrence 123 (67.6) 127 (69.8) —-1.6 0.80

birthweight in ART pregnancies, such as in vitro culture (58),
single embryo transfer (59), paternal BMI (60), and endometrial
thickness (61), from which some of these factors were not
included in our study. However, O’Neill et al. reported that
the well-known sex-related differential growth after spontaneous
conceptions is apparent but not exaggerated in conceptions
from IVF treatments (62). Therefore, our observation of a sex-
dependent difference in birth weight is of particular interest
and the hypothesis that the lack of CL products might
contribute to higher birthweights in female offspring warrants
further exploration.

Our study could not demonstrate a significant difference in the
incidences of postpartum hemorrhage and placenta-associated
complications between both groups, likely due to small sample
sizes. However, studies supporting a link between these outcomes
and CL absence have recently accumulated (15, 16, 43). Since
placenta accreta as well as similar placenta abnormalities mostly
result from failure of decidualization, abnormal placentation
and vascularisation as well as tissue oxygenation (63), CL
absence could have a similar pathophysiological sequence, only
with a different primary triggering event, which would be the
absence of crucial CL products in this scenario. Progesterone
regulates predecidualization and decidualization, enabling the
endometrium to convert into a strongly vascularized form
which, again, is the requirement for a physiological implantation
and placentation process (64). Estrogen, relaxin and vascular
endothelial growth factor among other CL products, contribute
to these well-functioning processes, too (21, 23, 27, 65). It is
therefore conceivable that CL absence could contribute to higher
rates of placenta-associated complications. Abnormalities like
placenta accreta usually correspond with higher postpartum

hemorrhage rates (66), which are also more frequent after
conceptions with CL absence, as mentioned above.

Strengths and Limitations

Our study has a variety of limitations, including relatively small
sample size and differing cohort sizes. These factors make
it difficult to reliably show statistical correlations, especially
because several outcomes that we analyzed already occur rarely.
The fact that we did not find significantly higher risks for
certain outcomes between the two cohorts might be due to this
circumstance, albeit there is nonetheless a discernable tendency
toward higher incidences for several adverse outcomes in the
0 CL group. Low sample size is also reflected in partly wide
confidence intervals.

Another limiting parameter displays the retrospectivity of
the study with its inherent recall bias, forcing us to rely on
correctness of pre-existing data. However, compared to other
observational and registry studies which relied on non-verified
patient information, we were able to include reliable information
of important parameters extracted from medical records which
enabled us to adjust for relevant confounders that have a well-
known effect on the studied outcomes.

Frequently, a retrospective study design is associated with
risk for selection bias, which in case of our study would
be most consequential when it applies to the FET protocol.
However, in two of the fertility clinics involved mainly one
FET protocol was in use (e.g., 93.5% of the participants treated
in center 2 received a programmed cycle protocol, 97.7% at
center 1 were treated in stimulated cycles), minimizing the risk
of selection bias that occurs when for example PCOS patients
very commonly receive a FET in programmed cycles. In our
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study, PCOS/anovulation diagnosis was represented equally in
both cohorts. Nevertheless, certain infertility diagnoses like male
factor infertility or recurrent pregnancy loss showed a significant
difference in their distribution, which might be caused by the
fertility clinics’ divergent diagnostic procedure standards. Also,
we focused our data collection on the responders and didn’t
analyze the characteristics of the non-responders. Therefore,
we can’t fully assure that the responders are a representative
sample of patients and subtle differences between these groups
might exist.

With our study design, randomization of the participants
was not possible, so consequently, we attempted to reduce the
potential effect of confounders on outcome events by adjustments
made in multivariable regression analyses.

One of our study’s great strengths is the fact that each
primary outcome HDP diagnosis was verified blinded by an
experienced obstetrician. On this basis, values from blood tests,
urine samples and blood pressure measurements were evaluated
and categorized with respect to gestational weeks, resulting in
a precise reliable classification of HDP. During this process,
cohort allocation was blinded, reducing the risk of detection bias.
Verification of the cycle protocol followed the same pattern with
assessment of each participant’s drug administration.

Also, participants’ response rates varied between 82.1% from
participants previously treated at the academic center to 60.3%
in one of the two private fertility centers. These rates could have
been biased, possibly caused by different satisfaction rates in
terms of the fertility treatment or by the fact that participants
treated at two centers had a less personal connection to the
staff of the fertility clinic which was in charge of the study
and performed the recruitment than participants who had their
fertility treatment at this facility.

Further questions touch upon potential associations between
CL absence and higher rates of specific preeclampsia forms,
e.g., early-onset preeclampsia (<34 gestational weeks) and
preeclampsia with severe features. While one previous study
suggests that CL absence was predictive of preeclampsia with
severe features (3) this study does not allow definite answers
about whether CL absence does have a significant impact on
incidences of these subtypes and necessitates further research
with larger sample sizes, too.

CONCLUSION

We report a higher risk for HDP after FET in conceptions
lacking a CL compared to FET in cycles involving CL presence.
Additionally, CL absence was a predictor of higher birthweight
and birthweight percentiles. Our findings support existing data
suggesting a link between CL absence and adverse maternal
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