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Abstract
Background Very few previous studies have examined the effect of endocrine parameters during ART on
preeclampsia. Moreover, there is little known about the relationship of steroid hormone levels on
development of the placenta. The purpose of this study is to assess the association of preeclampsia with
serum estradiol (E2) and progesterone (P4) levels on the day of human chorionic gonadotropin (hCG)
administration during controlled ovarian hyperstimulation (COH) for in vitro fertilization/intracytoplasmic
sperm injection (IVF/ICSI).

Methods This was a hospital-based cohort study using clinical data from the Kaohsiung Chang Gung
Memorial Hospital Obstetric and Neonatal Database (KCGMHOND) from Jan 1, 2001 to December 1,
2018. Eligible women underwent at least one autologous IVF/ICSI cycle and had a live-born infant with a
gestational age (GA) of more than 20 weeks.

Results A total of 622 women who had live births after fresh IVF/ICSI-ET during the study period met our
inclusion criteria. Twenty-eight women (4.5%) met the diagnostic criteria for preeclampsia. However,
women in the preeclampsia group had a signi�cantly higher body mass index (22 vs. 24, p =0.05), body
weight at delivery (70.0 vs. 80.5 kg, p <0.001) and gestational weight gain (13.0 vs. 19.6 kg, p =0.002)
and had lower use of ICSI (29.9% vs. 10.7%, p =0.021). Logistic regression analysis of the relationship of
patient and treatment characteristics with preeclampsia. The crude ORs indicated that young female age
>34, not using ICSI, E2 peak <1200 pg/mL and gestational weight gain >20 kg were associated with
preeclampsia. After adjustment for confounding, the only factors that remained signi�cant were E2 peak
<1200 pg/mL (aOR = 4.634, 95% CI = 1.061 to 20.222), and gestational weight gain >20 kg (aOR: 13.601,
95% CI: 3.784, 48.880).

Conclusions For women receiving IVF/ICSI, lower estradiol hormone levels on the day of hCG
administration and higher pregnancy weight gain are related with subsequent preeclampsia.

Background
Preeclampsia, a disorder characterized by hypertension and proteinuria during pregnancy, affects 5 to 8%
of pregnant women worldwide and is a leading cause of obstetric complications [1]. In addition to
hypertension and proteinuria, these patients also experience placental ischemia, endothelial dysfunction,
end-organ ischemia, and vascular complications [1–3].

Many studies have examined the pathogeneses of these two conditions, although the exact
mechanism(s) remain unknown [2, 4]. However, research has established that the pathogenesis of
preeclampsia is characterized by aberrant trophoblastic invasion of the decidual and myometrial spiral
arteries during early pregnancy, and that this leads to placental dysfunction and ischemia [5, 6].

Alterations in the syntheses and interactions of multiple steroidal hormones, including androgens,
estrogens, and progestogens, occurs in the gonads and placenta during early pregnancy. These
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hormones are important in regulating the growth and differentiation of the placental trophoblast and the
placental vascular tree, and in promoting extravillous cytotrophoblast invasion of the uterine
endometrium and myometrium [1]. Thus, previous studies of the mechanism of preeclampsia have
compared the levels of steroid hormones and hormone signaling in pregnant women with and without
preeclampsia [7–10].

The effect of different modalities of assisted reproductive technology (ART) on adverse pregnancy
outcomes, including hypertensive complications and preeclampsia, are unknown [11–14]. During ART
procedures, many endocrine parameters could potentially have an adverse impact on implantation or
placentation [15, 16]. It is possible that an aberrant endocrine pro�le (especially the levels of estrogens or
progestogens) causes the placenta to be abnormal, or alternatively that an abnormal placenta causes
aberrant production of estrogens and progestogens. Very few previous studies have examined the effect
of endocrine parameters during ART on preeclampsia. Moreover, there is little known about the
relationship of steroid hormone levels on development of the placenta. Only two studies thus lead to the
hypothesis that abnormal placentation is mediated by an elevated E2 level at the time of implantation,
because this adversely affects trophoblastic invasion of the endometrium[17, 18]. However, multiple
studies reported an increased risk of preeclampsia in women conceiving by IVF with a frozen ET[19–23].
From this point of view, high levels of steroid hormones (E2 and P4) do not appear to be the main cause
of placental dysplasia during implantation. Instead, these steroid hormones should be considered to play
an ancillary role placental dysplasia.

In this study of women receiving ART procedures, we examined whether estradiol (E2) and progesterone
(P4) levels on the day of human chorionic gonadotropin (hCG) administration were associated with
subsequent preeclampsia. We also aimed to identify with the major factors associated of preeclampsia
outcomes in women undergoing IVF/ICSI procedures.

Materials And Methods

Study Design
This was a hospital-based cohort study using clinical data from the Kaohsiung Chang Gung Memorial
Hospital Obstetric and Neonatal Database (KCGMHOND) from Jan 1, 2001 to December 1, 2018.
KCGMHOND records all live births and stillbirths weighing at least 500 grams and pregnancies delivered
after 20 weeks gestation (calculated using date of last normal menstrual period, if available, or estimated
date of con�nement by ultrasound otherwise) at a tertiary university hospital in Kaohsiung, Taiwan. The
maternal age, parity, birth weight, gestational age (GA) at delivery, mode of delivery, and sex were
recorded for all live births. We supplemented prenatal data and medical comorbidities including chronic
hypertension, diabetes mellitus, renal disease, hypothyroidism from KCGMH prenatal clinic charts
matched to the index pregnancy in KCGMHOND. Furthermore, we have data on prior events including a
history of preeclampsia among multiparous women.
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The reproductive clinic data were linked with KCGMHOND using unique patient identi�ers as well as the
date and time of delivery associated with the fresh IVF/ICSI fertility treatment procedures, and the
following data were collected: age, body mass index (BMI), E2 and P4 levels on the day of the hCG trigger,
infertility diagnosis, number of embryos transferred, duration of ovarian stimulation, total gonadotropins
administered, peak endometrial thickness, total number of retrieved mature oocytes, and use of
blastocyst-stage transfer. The study was conducted following approval of Ethics Committee of
Institutional Review Board (CGMH 201901565B0). The presence of preeclampsia was de�ned by an
elevated systolic blood pressure (> 140 mmHg) or diastolic blood pressure (> 90 mmHg) after 20 weeks of
gestation and with proteinuria or other clinical signs and symptoms. Intrauterine growth restriction (IUGR)
was de�ned as an estimated fetal weight below the 10th percentile. Women were excluded of they had
utilizing donor oocytes.

Assisted reproductive technologies
Our previous research described the methods used for controlled ovarian stimulation (COS), oocyte
retrieval, embryo culture, and embryo transfer (ET) [16, 24]. The long protocol and the GnRH-ant protocol
for COS were individualized according to each patient’s ovarian reserve, age, baseline level of serum
follicle stimulating hormone (FSH), and prior response to COS.

The long protocol consisted of administration of leuprolide acetate (Lupron®; Takeda, Tokyo, Japan)
with the initial dose of gonadotropin (human menopausal gonadotropin [hMG] or puri�ed recombinant
FSH) at a dose of 150 to 300 IU. Dose adjustments were based on each patient’s ovarian response and
according to the serum E2 level and follicular growth (determined by ultrasonography). When the lead
follicle had a diameter of 17 to 19 mm, leuprolide acetate and FSH were halted, and hCG (Ovidrel®;
Serono, Modugno, Italy) administration began. Thirty-six to 38 h later, oocyte retrieval was performed
using transvaginal ultrasound-guided follicle aspiration.

The �exible GnRH-ant protocol consisted of gonadotropin stimulation and then suppression (0.25 mg
ganirelix acetate, MSD; 0.25 mg cetrorelix acetate, Serono) when the lead follicle had a diameter of
14 mm. hCG (6500 IU, Ovidrel®, Serono, Modugno, Italy) was administered when 2 more follicles had
diameters of 17 mm. Oocyte retrieval was performed as described above.

Oocyte maturity was measured by analysis of the cumulus mass, corona radiata, ooplasm, and
detachment of membrane granulosa cells. IVF/ICSI was performed as previously described [24], and
fertilization was assessed 16 to 18 h later. Successful fertilization was de�ned by the presence of a
zygote with two pronuclei. One team of embryologists oversaw all laboratory procedures to ensure
standardization.

Statistical analysis
Categorical variables are expressed as percentages and continuous variables as medians (interquartile
ranges [IQRs]) or means ± standard deviations (SDs), as appropriate. The Shapiro-Wilk normality test was
used to check for normality of distributions. Mann-Whitney rank-sum test for the comparison of medians.
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Receiver operating characteristic (ROC) curve was used to determine optimal cutoff of dosimetric data for
preeclampsia. After determination of optimal cutoff using ROC curve, logistic regression model using
categorial variable was used for con�rmation of dosimetric signi�cance. Multivariable logistic regression
analysis was used to assess the relationship of preeclampsia with endocrine parameters, mother’s age,
age of the male partner, BMI, infertility diagnosis, ovarian stimulation protocol, duration of ovarian
stimulation, maximal endometrial thickness, number oocytes retrieved, number of embryos transferred,
use of ICSI, use of blastocyst-stage ET, occurrence of multiple pregnancies, and pregnancy weight gain. A
full model, with the inclusion of all variables to adequately control for potential confounding, was
implemented and the results are presented as adjusted odds ratios (aORs) and 95% con�dence interval
(95% CIs). An OR was considered statistically signi�cant if its two-tailed p-value was less than 0.05 or if
its 95% CI did not include one. A P-value below 0.05 was considered signi�cant, and all statistical
analyses were performed using SPSS for Windows (version 20).

Results
A total of 622 women who had live births after fresh IVF/ICSI-ET during the study period met our
inclusion criteria (Table 1). Twenty-eight women (4.5%) met the diagnostic criteria for preeclampsia.
Comparison of the baseline characteristics of women with and without preeclampsia indicated no
signi�cant difference in age (34.0 vs. 35.0 years), age of the male partner (36.0 vs. 37.5 years), duration
of stimulation (9.0 vs. 9.0 days), total gonadotropin administered (29.0 vs. 31.0 ampoules), endometrium
thickness (1.3 vs. 1.3 cm), number of mature oocytes retrieved (7.0 vs. 7.0), number of embryos
transferred (2.0 vs. 2.0), use of blastocyst transfer (63.1% vs. 64.3%), E2 level on the day of hCG
administration (1802 vs. 1759 pg/mL) and P4 level on the day of hCG administration (1.0 vs. 1.2 ng/mL).
However, women with preeclampsia had a signi�cantly higher body mass index (22 vs.24, p = 0.05), body
weight at delivery (70.0 vs.80.5 kg, p < 0.001) and gestational weight gain (13.0 vs. 19.6 kg, p = 0.002)
and had lower use of ICSI (29.9% vs. 10.7%, p = 0.021).

We also analyzed the obstetric and perinatal outcomes of the two groups (Table 2). There were no
signi�cant differences in the incidences of multiple pregnancy (31.9% vs. 32.1%) or IUGR (27.8% vs.
32.1%) or sexual ratio; Birth weight (3100 vs. 2910 g) of singletons; and GA at delivery (36 vs. 36 weeks)
and birth weight (2370 vs. 2420 g) of twins. However, women in the preeclampsia group had signi�cantly
higher incidence of Caesarean section (53.5% vs. 82.1%, p < 0.001) and lower GA at delivery (38 vs. 36
weeks, p < 0.001) age at singleton.

Logistic regression analysis of the relationship of patient and treatment characteristics with
preeclampsia. The crude ORs indicated that young female age > 34, not using ICSI, E2 peak < 1200 pg/mL
and gestational weight gain > 20 kg were associated with preeclampsia. After adjustment for
confounding, the only factors that remained signi�cant were E2 peak < 1200 pg/mL (aOR = 4.634, 95% CI 
= 1.061 to 20.222), and gestational weight gain > 20 kg (aOR: 13.601, 95% CI: 3.784, 48.880). (Table 3).

Discussion
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We compared women from a single institution over a 18-year period who did or did not develop
preeclampsia following an ART procedure. Our univariate analysis indicated that women who developed
preeclampsia had a lower E2 level and higher gestational weight gain and lower using ICSI. However,
after adjustment for confounding factors, our multivariate analysis indicated that lower E2 and higher
gestational weight gain related to preeclampsia. Moreover, women in the two groups had similar
incidences of IUGR.

There is evidence that dysregulation of E2 production in the placenta is associated with preeclampsia,
thus suggesting that the E2 level could be used as a biomarker of preeclampsia and that its clinical
modulation could prevent or cure preeclampsia [10]. In fact, it is well-recognized that aberrant production
of estrogens by the placenta plays a key role in preeclampsia symptoms, because these hormones
promote angiogenesis and vasodilation [10]. Indeed, previous studies have documented low plasma E2
concentrations in women with severe [9, 25] and mild [26] preeclampsia, and low levels in the placental
tissues of women with preeclampsia [27]. P4 modulates the synthesis and release of angiogenic factors
by placental cells, and regulates trophoblastic invasion and uterine artery remodeling. Research has also
indicated the presence of lower P4 levels in women with preeclampsia compared with healthy pregnant
women [8, 28–30].

However, few studies have evaluated the role of E2 and P4 in preeclampsia during the �rst trimester,
especially before the luteo-placental shift or the embryo implantation stage [31]. A previous study of
baboons reported that elevation of E2 levels during the �rst trimester was associated with attenuation of
extravillous trophoblast invasion of the uterine spiral arteries [32]. Imudia et al. reported that a high E2
level on the day of hCG administration during COH was associated with an increased risk for
preeclampsia [17]. Another study of women who received ICSI found that an elevated E2 level on the day
of hCG administration was associated with adverse obstetric outcomes related to alterations of
placentation [18]. These studies thus lead to the hypothesis that abnormal placentation is mediated by
an elevated E2 level at the time of implantation, because this adversely affects trophoblastic invasion of
the endometrium. Thus, an elevated E2 peak during an ART procedure increases the risk of abnormal
placentation, but has no signi�cant effects on pregnancy, or miscarriage. Besides, premature P4 elevation
on the day of HCG administration may cause an asynchronous endometrium, and negatively impact
implantation and pregnancy [16]. A previous study reported that a high P4 level on the day of the hCG
trigger was associated with preeclampsia, but that the E2 level had no such effect [14]. These �ndings
thus differ from our results. Moreover, a recent publication also reported that the risk of preeclampsia was
lower when there was a high peak E2 level [33].

Multiple studies reported an increased risk of preeclampsia in women conceiving by IVF with a frozen ET
(FET) [19–23]. This may be related to the lack of a corpus luteum and the use of endometrial priming
with estrogens during arti�cial FET cycles [13, 21]. Indeed, during the thawing cycles, without the
formation of a corpus luteum, the de�ciency of relaxin may impair vasodilation and increase vascular
dysfunction [11]. The corpus luteum is a temporary endocrine structure in female ovaries that produces
high levels of P4 and moderate levels of E2 and inhibin A [34]. It is clear that serum P4 and E2
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concentrations after COH and ET are higher during early pregnancy (up to week-7 or week-8) than after
FET [35]. From this point of view, high levels of steroid hormones (E2 and P4) do not appear to be the
main cause of placental dysplasia during implantation. Instead, these steroid hormones should be
considered to play an ancillary role placental dysplasia [11].

An ART procedure may induce epigenetic defects in the conceptus due to its modi�cation of the embryo
environment. Moreover, the hormone treatments during an ART procedure may impair endometrial
receptivity. If the female lacks the physiological mechanisms for coping with these hormone injections,
then improper maternal-fetal exchanges occur, potentially leading to preeclampsia or IUGR. Fortunately, in
most cases, successful placental adaptation enables normal development and the birth of healthy
offspring [36]. A recent systematic review concluded that every procedure used during high-technology
infertility treatments can potentially increase the risk of an abnormal pregnancy and perinatal
complications [37]. However, due to the inadequate quality of the current evidence, further well-designed
studies are needed to address this issue.

There are two subtypes of preeclampsia — early-onset (before 34 weeks of gestation) and late-onset
(after 34 weeks of gestation). Early-onset preeclampsia is associated with worse outcomes, and is
believed to be caused by defective placentation. In contrast, late-onset preeclampsia is caused by
interactions between the normal senescence of the placenta and a maternal genetic predisposition to
cardiovascular and metabolic disease, and is not associated with IUGR [2, 38]. Our results indicated that
the incidence of IUGR were not signi�cantly different in women with and without preeclampsia after COH
and ET. Thus, the preeclampsia that occurs following IVF can be considered late-onset preeclampsia.

Metabolic abnormalities and obesity’s impact on the risk for developing preeclampsia[39, 40].
Interestingly, not all obese pregnant women develop preeclampsia. Data suggest that obese pregnant
women with the greatest metabolic abnormalities have the highest incidence of preeclampsia. Maternal
adipokines, i.e., interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-α), leptin and adiponectin link
maternal nutritional status and adipose tissue metabolism to placental function[40]. High BMI is strongly
associated with preeclampsia, and this risk is compounded in IVF pregnancies[41]. High pregnancy
weight gain before diagnosis increases the risk of preeclampsia in nulliparous women and is more
strongly associated with later-onset preeclampsia than early-onset preeclampsia[42, 43].

Our �nding that the association between pregnancy weight gain and preeclampsia. It is worthy to
conduct randomized trials assessing if interventions to reduce pregnancy weight gain decrease the risk of
preeclampsia would be an appropriate next step in pregnancy women with lower E2 levels on the hCG
day after IVF.

The present study had some limitations. Most of the patients were Taiwanese women, so it is necessary
to be cautious when applying our results to other ethnic and racial groups. In addition, we could not
exclude the presence of confounding due to socioeconomic status, because the delivery records at our
facility lacked detailed information on household income. However, such a bias seems unlikely, because
the women who undergo ART generally have higher than average incomes and education. Another
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limitation is that this was a retrospective study that examined women over a period of 18 years, during
which time there were multiple practice changes, with a higher proportion of fresh ET cycles in the earlier
part of the study. We could not account for all practice changes that might have in�uenced our results.

In conclusion, Higher gestational weigh gain and lower serum E2 levels on the day of hCG administration
were associated preeclampsia in women who underwent an ART procedure. Women with and without
preeclampsia had similar incidences of IUGR. Further studies are needed to determine the pathogenic
mechanism of preeclampsia after IVF/ET.
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Table1.  Comparison of baseline and assisted reproductive technology (ART) cycle parameters between patients with a normal pregnancy and
those who developed preeclampsia. 

Characteristic  Normal pregnancy Preeclampsia. P-value

(n-594)  (n=28)

Age (y) 34.0(5.4) 35.0(4.8) NS

Husband age(Y)  36.0(6.5) 37.5(5.8) NS

BMI (kg/m2) 22.0(4.3) 24.0(8.0) NS

Body height(cm) 160.0(7.0) 159.0(22.0) NS

Body weight(kg) 56.0(10.0) 62(22.0) NS

Body weight at delivery(kg) 70.0(12.4) 80.5(14.4)      <0.001

Gestational weight gain(kg)  13.0(7.0) 19.6(14.3) 0.002

Primary infertility 58.80% 46.40% NS

Infertility factors NS

 tubal factor 27.40% 21.40%

 ovulatory factor 12.20% 10.70%

 endometriosis factor 13.20% 21.40%

 male factor 27.70% 14.30%

 other and combine factors 19.50% 29.50%

Protocol

  antagonist 40.00% 32.10% NS

  agonist 60.00% 67..9%

Days of stimulation 9.0(2.0) 9.0(2.0) NS

Total gonadotropins administered (Ampoules of 75 IU FSH)   29.0(12.0) 31.0(10.8) NS

Endometrium thickness(cm) 1.4(0.4) 1.3(0.5) NS

Mature Oocytes retrieved                    7.0(6.0) 7.0(6.8) NS
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Percentage of ICSI 29.90% 10.70% NS

Embryo Number transferred 2(1) 2(1) NS

Percentage of blastocyst transfer  63.10% 64.30%         NS

E2 peak (pg/mL) 1802.0(1617.3) 1759.0(2009.0) NS

P4 (ng/ml) 1.0(0.7) 1.2(0.7) NS

Continuous data are expressed as median (interquartile range) and dichotomous data, a percentage of the population.

BMI : body mass index 

ICSI: intracytoplasmic sperm injection. 

NS: not significant
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Table2.  Comparison of obstetric and perinatal outcomes between patients with a normal pregnancy and those who developed preeclampsia. 

Characteristic  Normal pregnancy preeclampsia. P-value

(n-594)  (n=28)

Multiple pregnancy 31.90% 32.10% NS

CS  53.50% 82.10% <0.001

Sex ratio(male/female)  1.07 (406/381) 1.31(21/16) NS

Intrauterine growth restriction 27.78% 32.14% NS

 
GA(single)

<0.001
38(2) 36(4)

Birth weight (single) NS
3100(530) 2910(1690)

GA (twin)      NS

36(3) 36(3)

Birth weight (Twin)      NS

2370(667) 2420(485)

 

Continuous data are expressed as median (interquartile range) and dichotomous data, a percentage of the population.

CS: Cesarean section

GA: gestational age 

NS: not significant

 

 

 



Page 17/17

3 Logistic analysis of factors related to preeclampsia
 

Univariable analysis Multivariable analysis 
 

e  Crude odds ratio(95%CI) P value Adjusted odds ratio(95%CI) P value

34vs>34)    2.205 (1.015, 4.792) 0.046 3.762(0.444,14.510) NS

g/m2) (≤22vs>22)       1.484 (0.650,3.388) NS 0.293(0.019,4.506) NS

SI       0.280 (0.083,0.939) 0.039          0.622(0.094,4.138) NS

mL) (>1.2 vs ≤1.2)       2.095(0.841,5.221) NS 2.645(0.482,26.080) NS

k (pg/mL)( <1200 vs>1200) 2.285(1.002,5.214) 0.044 4.634(1.061,20.222) 0.041
ional weight gain(kg) 
s ≤20)  8.475(3.188,22.531) <0.001 13.601 (3.784,48.880) <0.001

CI = confidence interval; OR = odds ratio. 

 

 


