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Abstract
Objectives: The primary aim was to investigate if frozen embryo transfer (FET) with-
out a corpus luteum increases the risk of hypertensive disorders of pregnancy (HDP). 
The secondary aim was to investigate other adverse maternal and perinatal outcomes.
Methods: This was a retrospective cohort study of 1168 singleton pregnancies and 
live births following a FET with either an artificial cycle (AC-FET) (n = 631) or a natural/
modified natural/stimulated cycle (CL-FET) (n = 537) between 2012 and 2020. The 
data were collected from patient records. The primary outcome was HDP. Secondary 
outcomes included cesarean sections, placental retention problems, postpartum 
hemorrhage (PPH), the duration of pregnancy, birth weight, low birth weight, mac-
rosomia, length of gestation, preterm birth, small for gestational age, and large for 
gestational age.
Results: In the AC-FET group, there was an increased incidence of pre-eclampsia, ges-
tational hypertension, cesarean sections, PPH over 500 and 1000 mL, and retained 
placental tissue, compared with the CL-FET group. These associations remained sig-
nificant in logistic regression analyses with clinically relevant adjustments.
Conclusion: The risk of HDP and several other maternal complications seems to be in-
creased after AC-FET compared with CL-FET. Our findings support most earlier stud-
ies regarding HDP and add to the knowledge on other maternal and perinatal risks 
involved in AC-FET, including an increased risk of milder forms of placental retention. 
More studies are needed to confirm these findings.
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1  |  INTRODUC TION

Over the past decade, frozen embryo transfers (FET) have become 
more common due to improved laboratory techniques and freeze-all 
policy to avoid ovarian hyperstimulation syndrome. There are dif-
ferent options for preparing the endometrium prior to FET. One op-
tion is to use the woman's natural ovulating cycle (NC-FET). Another 
option is the artificial cycle (AC-FET), which means that high-dose 
estrogen is used to stimulate endometrial thickening and to suppress 
the hypothalamic-pituitary-ovarian axis, causing the suppression of 
the ovaries. This results in the absence of a growing follicle, ovula-
tion, and the absence of a corpus luteum (CL). The third option is a 
stimulated cycle, where ovarian stimulation (OS) is induced by an 
aromatase inhibitor (AI), clomiphene citrate (CC), or gonadotropins. 
Human chorionic gonadotropin (hCG) is sometimes used to trigger 
ovulation in natural cycles (modified natural cycle, mNC) and stimu-
lated cycles. Natural cycles, modified natural cycles and stimulated 
cycles result in ovulation and the formation of a CL.

In recent years, data have been published on possible adverse 
maternal or perinatal outcomes for AC-FET compared with NC-FET. 
A prospective study has been published with the conclusion that 
the absence of a CL was predisposing to pre-eclampsia (PE) with or 
without severe features, compared with the presence of CL.1 Several 
retrospective, mostly register-based studies with partially conflicting 
results, have been published in recent years. Most have reported an in-
creased risk of hypertensive disorders of pregnancy (HDP) or PE after 
the use of AC-FET,2–9 but not all.10–12 The problem with most studies 
is that, in addition to the observational/retrospective setting, adjust-
ments for clinically important confounding factors are lacking.2,4,9–12

The risk of placenta accreta spectrum after infertility treatments 
and specifically after FET has been reported.4,5,13–15 Saito et al. re-
ported an increased risk for placenta accreta spectrum in pregnan-
cies after AC-FET compared with NC-FET (adjusted odds ratio [aOR] 
6.91, 95% confidence interval [CI] 2.87–16.66).4

According to a meta-analysis of cohort studies, using NC-FET (in-
stead of AC-FET) decreased the risk of HDP, PE, large for gestational 
age (LGA), macrosomia, preterm birth, post-term birth, low birth 
weight (LBW), cesarean section, postpartum hemorrhage (PPH), pla-
cental abruption and placenta accreta.16

Here we studied the differences in maternal and perinatal out-
comes of FET regimens with (CL-FET) or without (AC-FET) a CL, in a 
retrospective patient cohort with detailed data of potential risk fac-
tors. The primary aim was to study the risk of HDP. The hypothesis was 
that using AC-FET increases the risk of HDP. The secondary aim was to 
study various other maternal outcomes and perinatal outcomes, such 
as PPH, operative deliveries, and placental retention problems.

2  |  MATERIAL S AND METHODS

This was a retrospective cohort study. We identified the pregnancies 
with a delivery after FET by searching the local in vitro fertilization 

(IVF) treatment database. All the embryo transfers took place at the 
infertility clinic in Tampere University Hospital between January 1, 
2012 and December 31, 2020. The study included pregnancies with 
relevant outcome data. We excluded multiple pregnancies, as the 
risk of HDP is increased in multiple pregnancies.17 We also excluded 
pregnancies from donated gametes, pregnancies from preimplanta-
tion genetic testing (PGT) cycles, and pregnancies that were lost to 
follow-up after FET. The final number of pregnancies included in the 
analysis was 1168.

Groups were stratified according to the type of embryo transfer 
regimen: CL-FET (n = 537) and AC-FET (n = 631). Most cycles (68.2%) 
in the CL-FET group were natural cycles with only luteal phase sup-
port initiated after FET (typically micronized progesterone vaginally, 
continued until the day of the pregnancy test). The CL group also 
included cycles with a hCG trigger (19.4%) and stimulated cycles 
using AI, CC, and/or follicle-stimulating hormone (FSH)/luteinizing 
hormone (LH) (12.5%) (Table 1). Background data for all the patients 
were collected from patient records.

Pregnancy monitoring and deliveries took place in five dif-
ferent hospitals in the region. Clinicians from these five differ-
ent centers collected the data on the pregnancies from hospital 
records and varying databases collecting routine delivery data. 
Delivery was defined as pregnancy duration 220/7 weeks of gesta-
tion or over, or birth weight over 500 g. PE was defined according 
to ISSHP 2018 criteria as de novo hypertension after 20 weeks of 
gestation, accompanying proteinuria or fetal growth restriction.18 
Gestational hypertension was defined as de novo hypertension 
after 20 weeks of gestation, without proteinuria or biochemical 
abnormalities or fetal growth restriction. We defined HDP here 
as a combined outcome with pre-eclampsia and gestational hyper-
tension. Those with superimposed pre-eclampsia were excluded 
from the PE group. Early-onset PE was defined as delivery be-
fore week 340/7.19 High birth weight (HBW) was defined as birth 
weight >4500 g, and LBW was defined as birth weight <2500 g. 
Small for gestational age (SGA) and LGA were defined as a birth 
weight more than 2 standard deviations below or above the sex 
and gestational age-specific reference mean, respectively, using 

TA B L E  1  Data on regimens used for frozen embryo transfers.

n %

Estrogen preparation used in AC-FET

Patch 211 34.0

Oral 384 61.8

Two estrogens 26 4.2

Type of cycle in CL-FET

Natural cycle 366 68.2

Modified natural cycle (hCG trigger) 104 19.4

Stimulated cycle 67 12.5

Abbreviations: AC-FET, frozen embryo transfer in an artificial cycle; 
CL-FET, FET with a corpus luteum cycle; hCG, human chorionic 
gonadotropin.
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population-based references.20 Placental retention was defined as 
either the need for manual removal of the placenta or retained 
placental tissue causing an operative intervention postpartum or a 
diagnosis of placenta accreta. We included a table of missing data 
on different outcomes (Table S1).

This study was approved by the ethics committee of Tampere 
University Hospital (R20033R). No informed consent was obtained, 
as this was a retrospective register study.

2.1  |  Statistical analyses

The primary outcomes in our study were PE and HDP, and these 
outcomes were used for calculating the sample size. The calculations 
were based on incidence data on the background population and the 
risk increase seen in previous studies.1,3 The data were analyzed 
using IBM SPSS version 28 (IBM, Armonk, NY, USA).

Descriptive statistics were reported as mean with standard de-
viation (SD) or median and interquartile range (Q1–Q3) or frequency 
(n) and percentage (%). The independent-samples t-test, chi-squared 
test and Mann–Whitney U-test were applied to compare the AC-
FET and the CL-FET groups. Binary logistic regression was used to 
calculate the unadjusted and adjusted ORs for the key outcomes. 
The significance level was set at P-value less than 0.05. For descrip-
tive data, we also provide standardized mean differences (SMDs) for 
measuring the effect size.

Separate analyses were conducted for a subgroup of patients 
who received OS in the form of letrozole, clomiphene citrate or FSH. 
In the main analysis, however, these patients were included in the 
CL-FET group.

3  |  RESULTS

Patient characteristics are shown in Table 2. There was a small dif-
ference with minimal effect size in the mean age of patients (32.7 
vs 32.1 years) and the mean embryo age (4.6 vs 4.5 days) compar-
ing the CL-FET and the AC-FET group, respectively. The two groups 
were comparable regarding the age of the partner, smoking, body 
mass index (BMI, calculated as weight in kilograms divided by the 
square of height in meters), the duration of infertility, the propor-
tion of primary infertility, the proportion of primiparous patients, 
the proportion of changed paternity after possible previous preg-
nancy, the number of embryos transferred, and the use of aspirin 
during pregnancy. As expected, the groups differed regarding the 
menstrual pattern (P < 0.001) and the cause of infertility (P < 0.001).

Maternal and perinatal outcomes are shown in Table 3. In preg-
nancies after AC-FET, in contrast with CL-FET, there was a higher 
percentage of PE, HDP, cesarean sections, and PPH. There was 
also a significantly higher percentage of placental retention prob-
lems. Placenta accreta was diagnosed in only 1 (7.1%) and 2 (4.0%) 
of all placental retention cases in the CL-FET and AC-FET groups, 
respectively.

Univariate and multivariable logistic regression analyses were 
performed for the risk of PE, HDP, PPH over 500 mL, PPH over 
1000 mL, LBW, HBW, cesarean section, and placental retention 
problems. In the multivariable analysis, the risks for PE, HDP, PPH 
over 500 mL, PPH over 1000 mL, cesarean delivery, and retained 
placental tissue were significantly higher after AC-FET, compared 
with CL-FET. The results and adjustments for the logistic regression 
analyses are shown in Table 4. We aimed to control for the most rel-
evant confounding factors. For the main outcomes, PE and HDP, we 
used maternal age, BMI, primiparity, the change of partner after pre-
vious pregnancy, diabetes, duration of infertility, cycle pattern, and 
smoking. Numerous risk factors for PE have been identified.23–25

We conducted subgroup analyses on the stimulated/modified 
cycles. Comparing the mNC, OS, and NCs, no difference was found 
in the incidence of PE, HDP, cesarean sections, LBW, HBW, SGA, or 
PPH between groups (Table S2).

4  |  DISCUSSION

In the present study, the primary aim was to investigate whether FET 
without a corpus luteum increases the risk of HDP. We found that 
the use of AC-FET increased the risk of HDP. In addition, the use of 
AC-FET was associated with an increased risk of cesarean sections, 
PPH, and retained placental tissue, compared with CL-FET. The el-
evated risks prevailed after the adjustments in the logistic regression 
analyses.

Our finding regarding the increased risk of milder forms of pla-
cental retention problems associated with AC-FET cycles was also 
supported by two previous studies,26,27 although their definitions of 
placental adherence were not clearly defined.

4.1  |  Maternal outcomes

The risk of HDP following AC-FET cycles has been reported in sev-
eral studies and reviews. According to a recent meta-analysis,16 the 
pooled risk ratio was 0.61 for HDP and 0.47 for PE, favoring the NC-
FET group. However, the quality of evidence was considered low be-
cause of the observational settings of the studies and the substantial 
inter-study heterogeneity. Due to mostly register-based data, they 
were unable to adjust for confounders like parity, smoking, duration 
of infertility, ovulatory status, and BMI, as we were able to. Previous 
studies, which did not report increased risks for PE/HDP after AC-
FET, had smaller sample sizes.11,12

In accordance with our results, several studies report a higher 
risk for cesarean section associated with AC-FET cycles.2,3,5,8,12,28,29 
This was confirmed in the meta-analysis of seven studies,16 although 
the studies showed substantial heterogeneity.

An increased risk for PPH after AC-FET has been reported in 
some studies,3,8,29 but not all.5,11 A meta-analysis of four studies 
concluded that the risk is lower after NC-FET than after AC-FET.16 In 
our study, after AC-FET, the risk was significantly higher for a PPH 
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over both 500 and 1000 mL, even without any placental retention 
problem.

There was a significantly higher rate of a retained or residual pla-
centa in the AC-FET group compared with the CL-FET group. Data on 
the increased risk of placenta accreta have been published,4,5 but to 
our knowledge, minimal data have been published on the milder forms 
of placental retention. In addition to manual removal of the retained 
placenta, we also included those clinical situations where residual/re-
tained placental tissue required an abrasion or aspiration procedure, 
as this adds to the overall morbidity and costs, prolongs hospitaliza-
tion, causes readmissions, and is therefore clinically relevant. Only 
a small percentage of all placental retention cases were cases diag-
nosed specifically with placenta accreta. Hence, the placenta accreta 
spectrum disorders merely represent “the tip of the iceberg.”

Previous studies have reported conflicting results on the risk of 
GDM following AC-FET cycles. A large retrospective register study4 
found a reduced risk of GDM after AC-FET, compared with NC-FET. 
By contrast, a meta-analysis of nine studies16 reported a similar risk 
for AC-FET and NC-FET, in accordance with our results.

4.2  |  Perinatal outcomes

For perinatal outcomes, our results were in accordance with many ear-
lier studies in finding no difference between the groups regarding the 
length of gestation, the incidence of preterm birth, LBW, HBW, SGA, 
LGA, newborn pH levels or 5-min Apgar scores <7, or placental weight.

In contrast to our study, a recent meta-analysis reported a lower 
risk for preterm birth for NC-FET.16 The pregnancy duration was lon-
ger in the AC-FET group, although the difference was insignificant. 
Even though the PE incidence was higher in the AC-FET group, the 
incidence of early-onset PE was not higher, which might partially ex-
plain the results.

Children born after AC-FET had a higher birth weight compared 
with NC-FET. Earlier studies report no difference between the 
groups regarding birth weight.2,4,5,7,8,10–12 All the studies still re-
ported a higher mean birth weight for AC-FET children, although the 
difference was statistically insignificant.

The meta-analysis by Moreno-Sepulveda et  al. reported a 
lower risk of LBW after NC-FET compared with AC-FET.16 In the 

TA B L E  2  Descriptive data on pregnancies after frozen embryo transfer cycles with (CL-FET) or without a corpus luteum (AC-FET).

CL-FET (n = 537) AC-FET (n = 631)

P-value SMDn/mean/median %/SD/Q1–Q3 n/mean/median %/SD/Q1–Q3

Age of woman (years) 32.7 4.0 32.1 4.2 0.029 0.129

Age of partner (years) 34.96 5.2 34.47 5.3 0.111 0.094

Smokers 16/340 4.7 27/332 8.1 0.070 0.140

Body mass index 24.5 4.2 24.8 4.3 0.201 −0.077

Duration of infertility (months) 32.0 23.0–46.0 32.0 23.0–48.0 0.904 −0.036

Primary infertility 194 36.1 231 36.6 0.865 0.010

Primipara 280 52.2 362 57.8 0.056 0.113

Prior delivery (of all) 256 47.8 264 42.1 0.792 0.114

With new partner 25 9.8 24 9.1

With same partner 231 90.2 240 90.9

Embryo age (days) 4.6 0.87 4.5 0.81 0.034 0.109

Number of embryos transferred 0.795 0.015

1 ET 500 93.3 591 93.7

2 ET 36 6.7 40 6.3

Menstrual pattern <0.001 0.822

Regular cycles 482 92.2 351 60.1

Irregular cycles 38 7.3 175 30.0

Amenorrhea 3 0.6 58 9.9

Cause of infertility <0.001 0.687

Ovulation problem 14 2.6 120 19.0

Male infertility 155 28.9 114 18.1

Unexplained infertility 188 35.0 153 24.2

Tubal factor 36 6.7 27 4.3

Other causes 84 15.6 80 12.7

Multiple reasons 60 11.2 137 21.7

Note: Magnitude of the SMD is small, when SMD = 0.2, medium, when SMD 0.5, large, when SMD = 0.8.21

Abbreviations: ET, embryo transfer; SMD, standardized mean difference.
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TA B L E  3  Maternal and perinatal outcomes in singleton pregnancies after frozen embryo transfer cycles with (CL-FET) or without a corpus 
luteum (AC-FET).

CL-FET (n = 537) AC-FET (n = 631)

P-valuen/mean/median %/SD/Q1–Q3 n/mean/median %/SD/Q1–Q3

HDP 36 6.7 86 13.6 <0.001

Pre-eclampsiaa 15 2.8 43 6.8 0.002

Gestational hypertensiona 21 3.9 43 6.8 0.030

Superimposed pre-eclampsia 2 0.4 6 1.0 0.300

Diabetes 0.613

GDM (diet treatment only) 107 20.0 137 21.8

GDM (with medication) 19 3.6 30 4.8

DM type 1/2 6 1.1 6 1.0

Duration of pregnancy (days) 276.9 12.7 277.7 13.6 0.053

Birth weight 3543 547.7 3621 568.9 0.018

Mode of delivery <0.001

Spontaneous 339 63.2 315 50.0

Vacuum delivery 50 9.3 101 16.0

Cesarean section 147 27.4 214 33.9

Postpartum hemorrhage 565.1 425.9 844.8 707.8 <0.001

>500 mL 192 36.4 333 55.3

>1000 mL 58 11.0 156 25.9

Placental weight 640.0 136.6 643.9 152.8 0.678

Placental retention (retained or residual 
placenta needing procedure) or placenta 
accreta

14 2.6 49 7.8 <0.001

Placenta accreta 1 7.1 2 4.0

Velamentous cord insertion 23 4.3 30 4.8 0.700

LBW <2500 g 15 2.8 19 3.0 0.825

HBW >4500 g 17 3.2 31 4.9 0.134

SGA 10 1.9 10 1.6 0.822

LGA 21 3.9 31 5.0 0.398

Preterm <37+0 32 6.0 43 6.8 0.543

Astrup pH 7.261 7.265 0.493

Apgar at 5 min <7 9 1.7 16 2.5 0.308

Sex of baby (F/M) 49.2/50.8 49.9/50.1 0.796

Use of aspirin 19 3.5 20 3.2 0.930

Use of aspirin suboptimally (e.g. late) 2 0.4 2 0.3 0.930

Chronic hypertension 0.461

No hypertension, normal BP 524 97.6 608 96.4

Chronic hypertension with medication 5 0.9 10 1.6

Chronic hypertension in early pregnancy/
before pregnancy, no medication

8 1.5 13 2.1

Use of antihypertensive medication in 
pregnancy

30 5.6 61 9.7 0.009

Abbreviations: BP, blood pressure; DM, diabetes mellitus; GDM, gestational diabetes mellitus; HA, arterial hypertension; HBW, high birth weight; 
HDP, hypertensive disorders of pregnancy (defined here as diagnosis of either pre-eclampsia or gestational hypertension); LBW, low birth weight; 
LGA, large for gestational age; SGA, small for gestational age.
aThe data on the incidence of PE and GH have been published in a nested analysis of this study.22
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multivariate logistic regression analysis, we found no increased 
risk for LBW after adjustments. The risk for SGA was not increased 
in our study, which is in accordance with most previous studies 
and a meta-analysis.3,16,28 This is interesting, as PE often causes 
growth restriction. In our patients, the PE developed late, which 
might suggest that the underlying mechanisms are not the same as 
in a classic, early-onset PE, typically associated with fetal growth 
restriction.30

The risk for HBW after AC-FET was not increased in our study, 
which stands apart from several earlier studies and a meta-analysis.16 
Some studies have defined macrosomia as birth weight >4000 g, 
which might confound the result.

Although the risk was clearly elevated for all HDP after AC-FET, 
the complications seem to have had little impact on the newborn: 
crucial perinatal outcomes are similar for the two groups. The in-
creased risk for PPH, even after adjusting for cesarean section and 
placental retention, is interesting. Placental attachment problems 
were clearly more common in the AC-FET group.

The role of the CL and vasoactive agents, such as relaxin, has 
been suggested as the link between maternal and perinatal adverse 
outcomes related to problems in placental development in early 
pregnancy.31–33 The CL is thought to have a protective effect on the 
placentation process, and the lack of CL has been suggested to lead 
to a maladaptation of maternal circulation.1 Epigenetic changes in 
embryos related to cryopreservation have been studied,34 but there 
might be a role for the medications used to prepare the endome-
trium, not only the lack of a CL. In light of recent studies with sibship 

cohorts, the factors seem to be associated with the treatment rather 
than the environment.35

4.3  |  Strengths and limitations

Strengths of this study include cohort size and access to several 
outcomes and confounding factors that are not always available in 
register-based studies. The outcomes are relevant and the data on 
placental retention problems are rarely published. A limitation of this 
study is the heterogeneity between groups regarding patients with 
amenorrhea and cycle irregularities due to inclusion of patients with 
modified and stimulated cycles. We do not know the proportion of 
patients with polycystic ovary syndrome behind cycle problems. The 
study also lacks a natural conception control group. Residual con-
founding issues therefore remain, such as the effect of parental and 
environmental factors, and these could be handled with a sibling com-
parison design. The results were not adjusted for multiple testing, so 
secondary and subgroup analyses should be interpreted cautiously.

5  |  CONCLUSIONS

The risk of HDP is significantly increased after AC-FET compared 
with a CL-FET. Our findings support most earlier studies regarding 
hypertensive disorders of pregnancy and add to the knowledge on 
other maternal and perinatal risks involved in AC-FET. The increased 

TA B L E  4  Outcomes after frozen embryo transfers using artificial cycle (compared with corpus luteum cycle).

Outcome Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Birth weight <2500 ga 1.08 (0.54–2.15) 0.825 0.74 (0.24–2.30) 0.596

Birth weight >4500 ga 1.58 (0.87–2.89) 0.137 1.66 (0.84–3.28) 0.146

Pre-eclampsiab 2.55 (1.40–4.64) 0.002 2.91 (1.47–5.74) 0.002

HDPc 2.20 (1.46–3.30) <0.001 2.39 (1.53–3.73) <0.001

PPH >500 mLd 2.17 (1.71–2.75) <0.001 1.94 (1.50–2.51) <0.001

PPH >1000 mLd 2.83 (2.04–3.94) <0.001 2.77 (1.96–3.91) <0.001

PPH >500 mLe 2.17 (1.71–2.75) <0.001 1.72 (1.32–2.25) <0.001

PPH >1000 mLe 2.83 (2.04–3.94) <0.001 2.31 (1.60–3.35) <0.001

Cesarean deliveryf 1.36 (1.06–1.75) 0.016 1.37 (1.04–1.78) 0.023

Adherent placentag 3.15 (1.72–5.76) <0.001 3.25 (1.76–6.00) <0.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); GDM, gestational diabetes; HDP, 
hypertensive disorders of pregnancy; OR, odds ratio; PPH, postpartum hemorrhage.
aAdjusted for duration of pregnancy, diabetes, GDM, smoking, age (years), parity, embryo age, and BMI.
bAdjusted for maternal age (</>35 years), BMI, parity, changed paternity after previous delivery, diabetes/GDM, smoking, duration of infertility, 
menstrual pattern (regular/irregular/amenorrhea).
cAdjusted for maternal age (</>35 years), BMI, parity, changed paternity after previous delivery, diabetes/GDM, smoking, duration of infertility.
dAdjusted for delivery mode, duration of pregnancy, birth weight, BMI, age (</>35 years), pre-eclampsia.
eAdjusted for delivery mode, duration of pregnancy, birth weight, BMI, age (</>35 years), pre-eclampsia and placental retention (manual removal of 
placenta/abrasion postpartum due to retained placental tissue or placenta accreta).
fAdjusted for age (</>35 years), BMI, parity, changed paternity after previous delivery, diabetes, GDM, birth weight, HDP.
gAdherent placenta defined as placenta accreta or manual removal of placenta or postpartum abrasion due to retained placental tissue. Adjusted for 
age (</>35 years), parity, smoking.
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risk of milder forms of placental retention problems is an interest-
ing new finding. All these data on the association between AC-FET 
and adverse outcomes should be taken into consideration in clini-
cal practice and patient counseling, yet the findings need to be con-
firmed with different study designs.
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