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Objective: To assess the safety and efficiency of in vitro fertilization/ intracytoplasmic sperm injection and embryo transfer 
(IVF/ICSI-ET) on maternal and neonatal perinatal outcomes in women (≥40y) with singleton pregnancies.
Methods: This multi-center retrospective cohort study, carried out from January 2018 to June 2023, enrolled 1762 women (≥40y) 
with singleton pregnancies of at least 28 weeks. Participants were divided into two groups: the IVF/ICSI-ET group (204 cases) and the 
spontaneous conception (SC) group (1558 cases). After 1:2 propensity score matching (PSM), the two groups were compared for 
maternal and neonatal outcomes. The SC group (1558 cases) was further divided by age into the <43 years group (1195 cases) and the 
≥43 years group (363 cases) for subgroup analysis.
Results: Adverse maternal and neonatal outcomes were comparable between the IVF/ICSI-ET group and the SC group, with a higher 
cesarean section rate (78% vs 67.5%, P =0.013), an increased maternal ICU admissions rate (5.5% vs 1.3%, P =0.008), and a lower 
birth defects rate (1.1% vs 4.6%, P =0.037) in the IVF/ICSI-ET group. Subgroup analysis showed that women aged ≥43 years had 
higher incidences of gestational diabetes, gestational hypertension, cesarean section, and neonatal asphyxia compared to women aged 
<43 years.
Conclusion: This study indicated IVF/ICSI-ET is relatively safe for women ≥40 years with singleton pregnancies. However, 
advanced maternal age deteriorated maternal and neonatal outcomes, and IVF/ICSI-ET further heightened the risk of cesarean section 
and maternal ICU admissions. Therefore, enhanced care and vigilance are crucial for women over 40 undergoing IVF/ICSI-ET.
Keywords: in-vitro fertilization, intracytoplasmic sperm injection, advanced maternal age, maternal outcomes, neonatal outcomes

Introduction
As society progresses and attitudes towards fertility evolve, coupled with the widespread adoption of in vitro 
fertilization/intracytoplasmic sperm injection and embryo transfer (IVF/ICSI-ET) techniques, the global average age 
of pregnant women has been steadily increasing.1 This trend has greatly increased the proportion of pregnancies in 
women aged 35 years or older, which was defined as advanced maternal age by the International Federation of 
Gynecology and Obstetrics (FIGO). Advanced maternal age was not only associated with increased risks of adverse 
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pregnancy outcomes for both the mother and fetus1 but also with increased IVF/ICSI-ET use,2 due to decreased 
ovarian reserve and poor egg quality.3 Therefore, an accurate assessment of the impact of IVF/ICSI-ET on maternal 
and neonatal outcomes in women of advanced age is crucial.

Since the birth of the first IVF baby in 1978, IVF/ICSI-ET technology has seen continuous improvements,4 leading to 
higher pregnancy and live birth rates. However, the use of superovulation simultaneously to mature multiple oocytes, 
along with the in vitro micromanipulation and culture for fertilization and early embryo development, has sparked 
controversy regarding their potential to increase adverse maternal-fetal outcomes. Previously, a review paper summarized 
that fresh embryo transfer was associated with a higher risk of small gestational age, low birth weight, and premature 
birth, while frozen embryo transfer was linked with large gestational age infants and preeclampsia, and ICSI may lead to 
a higher risk of premature rupture of membranes,5 birth defects and the transfer of poor semen quality to male offspring.6 

But numerous studies suggested that subfertility, whether or not using IVF/ICSI-ET to achieve a pregnancy, may increase 
the risks of adverse maternal and perinatal outcomes7 independently, and infertility was often accompanied by inflam
mation, endocrine and metabolic disorders, which might be the reasons for the adverse maternal and perinatal outcomes.8 

In addition, many previous studies had limited credibility due to their differences in baseline data, despite the application 
of logistic regression analyses to adjust for these variables. Finally, few studies focused on perinatal outcomes of older 
(≥40 years) women with IVF/ICSI-ET.

Therefore, this multicenter retrospective cohort study aimed to evaluate the safety and efficiency of IVF/ICSI-ET 
concerning maternal and neonatal perinatal outcomes among women aged 40 and older.

Materials and Methods
Study Population and Design
This study was a multi-center retrospective cohort study guided by the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines.9 The study complied with the Declaration of Helsinki.

The study protocol was approved by the Medical Ethics Committees of the First Affiliated Hospital of Guangxi 
Medical University (approval number:2023-E679-01, approval data:2023.11.30), the Fifth Affiliated Hospital of Guangxi 
Medical University (approval number: LW2023-011, approval data:2023.12.13), the Maternity and Child Health Care of 
Guangxi Zhuang Autonomous Region (approval number:[2023]12–5, approval data:2023.12.19), and the First People’s 
Hospital of Yulin (approval number: YLSY- IRB-SR-2023073, approval data:2023.12.18). Written informed consent was 
waived by the ethics committees due to the retrospective nature of the study, and the privacy message of patients was 
highly protected.

The perinatal period is defined in China as the period from the 28th week of pregnancy (or when the baby weighs 
about 1000 g) to the end of the 1st week after birth. Based on the perinatal definition, maternal and neonatal data 
spanning January 2018 to June 2023 were extracted through the electronic medical record system of the aforementioned 
tertiary hospitals. The inclusion criteria were as follows: 1. spontaneous conception or IVF/ICSI-ET assisted conception; 
2. women aged ≥40 years; 3. singleton pregnancy delivered in the hospital; 4. gestational age ≥28 weeks or birth weight 
≥1000 g. The exclusion criteria were: 1. twin and multiple pregnancies; 2. women using donor oocytes; 3. incomplete 
maternal and neonatal information.

Definition of Study Groups
A total of 1788 women aged ≥40 years were hospitalized for delivery. Of these, 20 women with incomplete information 
and 6 women who did not meet perinatal diagnostic criteria were excluded. Finally, 1762 women were successfully 
enrolled and divided into two groups according to their mode of conception: the IVF/ICSI-ET group (204 cases) and the 
spontaneous conception group (SC, 1558 cases). Given the statistically significant differences in baseline characteristics 
between the two groups, we implemented a 1:2 propensity score matching strategy to minimize these disparities. This 
approach resulted in the successful matching of 182 women from the IVF/ICSI-ET group with 305 women from the SC 
group, and maternal and neonatal outcomes were subsequently compared.
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Subsequently, to study the effect of maternal age on maternal and neonatal outcomes the SC group (1558 cases) was 
divided into two subgroups: age ≥43 years (363 cases) and age <43 years (1195 cases). This age cut-off was chosen 
because of the limited number of women over 43 years of age. There were no statistically significant differences in 
baseline information between the two subgroups, so propensity score matching was not necessary in this analysis. In 
contrast, no subgroup analyses were performed in the IVF/ICSI-ET group because of the small sample size (Figure 1).

Measurement Outcomes
Demographic and clinical data were extracted from electronic medical records, and the data collectors were blinded to the 
objectives of our study to minimize potential bias.

Maternal outcomes included a range of maternal complications, such as fetal distress, premature birth, postpartum 
hemorrhage (PPH), premature rupture of membranes (PROM), placental abruption, abnormal thyroid function, placenta 
previa, gestational diabetes mellitus (GDM), hypertensive disorders of pregnancy (HDP), and hyperbileacidemia. 
Additionally, pregnancy outcomes such as gestational age at delivery, delivery mode (cesarean section or vaginal 
delivery), and maternal intensive care unit (ICU) admission were evaluated.

Neonatal outcomes included macrosomia (birth weight≥4000 g), low birth weight (LBW, less than 2500g at birth), 
mature low birth weight (MLBW, birth weight <2500 g with gestational age >37 weeks), asphyxia neonatorum, birth 
defects, neonatal pneumonia, pathological neonatal jaundice, perinatal deaths (defined as deaths of infants < 7 days old 
and fetal deaths at ≥ 28 weeks of gestation or with birth weight≥1000g), and neonatal intensive care unit 
(NICU) admission.

Statistical Analysis
This study did not include missing data, as women with incomplete information were excluded when enrolled. 
Continuous variables were presented as mean ± standard deviation (SD) if normally distributed and as median ± 
interquartile range (IQR) if not normally distributed. Categorical variables are presented mainly as frequency counts 
and proportions. Statistical analyses were performed using the Student’s t-test or the Mann–Whitney U-test for 

Figure 1 Flow chart of the study. 
Abbreviations: IVF/ICSI-ET, in vitro fertilization/ intracytoplasmic sperm injection and embryo transfer; PSM, propensity score matching; SC, spontaneous conception.
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continuous variables and the chi-square test for categorical variables. To address the unbalanced baseline characteristics 
between the IVF and SC groups, we used 1:2 nearest neighbor propensity score matching (PSM) with a caliper width of 
0.02 and without replacement to reduce selection bias. Patients who were not matched were excluded from the analyses. 
PSM was performed by R software, version 4.3.1 (R Foundation for Statistical Computing, Vienna, Austria), while 
statistical analyses were carried out using SPSS software, version 26.0 (SPSS Inc, Chicago, IL, USA). Relative risk (RR) 
was reported with a 95% CI. A 2-tailed P-value of less than 05 was considered statistically significant.

Results
IVF/ICSI-ET Treatment versus Spontaneous Conceptions
Demographics Characteristics
A total of 1762 women were recruited, with 204 in the IVF/ICSI-ET group and 1558 in the SC group. Significant 
differences were found in age, gravidity, and parity. To reduce differences in demographic characteristics, we used PSM 
with a ratio of 1:2 to adjust for the 7 variables (age, pre-pregnancy BMI, pre-delivery BMI, gravidity, parity, scarred 
uterus, and PGDM). After matching, there were 182 women in the IVF/ICSI-ET group and 305 women in the SC group, 
respectively (Table 1).

Maternal Outcomes
There were no significant differences in maternal complications between the two groups, nor the gestational weeks of 
delivery. However, the IVF/ICSI-ET group had higher rates of cesarean section rate (78% vs 67.5%, P =0.013, RR 1.16, 
95% CI 1.04–1.29) and maternal ICU admissions (5.5% vs 1.3%, P =0.008, RR 4.19, 95% CI 1.33–13.16) than the SC 
group (Figure 2).

Neonatal Outcomes
The rate of birth defects (1.1% vs 4.6%, P =0.037, RR 0.24, 95% CI 0.06–1.04) in the IVF/ICSI-ET group was 
significantly lower than in the SC group. Although birth weight, rates of macrosomia, LBW, neonatal asphyxia, and 
NICU admissions were higher in the IVF/ICSI-ET group, and the rates of MLBM and pathological jaundice in the 
neonates were lower compared to the SC group, these differences were not statistically different (Figure 3).

Perinatal Deaths
The IVF/ICSI-ET group (204 cases) reported no cases of perinatal deaths, whereas the SC group (1558 cases) 
experienced 10 cases of perinatal deaths, which included 4 medically induced abortions and 6 fetal deaths. The causes 
of these perinatal deaths varied: fetal chromosomal abnormalities (1 case), fetal hydrocephalus (1 case), severe 
preeclampsia (2 cases), fetal cleft lip-palate and limb defects (1 case), umbilical cord factors (3 cases), unexplained 
stillbirth (1 case), and induced labor due to advanced maternal age (1 case) (Table 2).

Table 1 Demographic Characteristics of the IVF/ICSI-ET Group and the SC Group

Before PSM After 1:2PSM

IVF/ICSI- 
ET (n=204)

SC 
(n=1558)

P value SMD IVF/ICSI- 
ET (n=182)

SC  
(n=305)

P value SMD

Age(year), mean (SD) 42.52 (3.01) 41.59 (1.89) <0.001 0.371 42.08 (2.46) 41.82 (2.04) 0.204 0.116
Pre-pregnancy BMI (kg/m2), mean(SD) 23.25 (2.67) 22.96 (3.10) 0.214 0.098 23.15 (2.56) 23.18 (3.19) 0.911 0.011

Pre-delivery BMI (kg/m2), mean(SD) 28.06 (3.03) 27.57 (3.25) 0.042 0.155 27.79 (2.79) 27.93 (3.34) 0.637 0.045

Gravidity (IQR) 3 (2.4) 3 (2.5) <0.001 0.458 3 (2,4) 3 (2,4) 0.085 0.014
Parity (IQR) 1 (0.1) 1 (1.2) <0.001 0.779 1 (0,1) 1 (0,1) 0.429 0.065

Scarred uterus, n (%) 60 (29.4) 506 (32.5) 0.423 0.066 57 (31.3) 99 (32.5) 0.872 0.024

PGDM, n (%) 4 (2.0) 47 (3.0) 0.533 0.068 4 (2.2) 4 (1.3) 0.707 0.068
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Figure 2 Maternal outcomes of the IVF/ICSI-ET group and the SC group. The rates of cesarean section and maternal ICU admission were significantly higher than the SC 
group. 
Abbreviations: PPH, Postpartum hemorrhage; PROM, premature rupture of membranes; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; 
ICU admission, maternal intensive care unit admission.

Figure 3 Neonatal outcomes of the IVF/ICSI-ET group and the SC group. The rate of birth defects in the IVF/ICSI-ET group was significantly reduced compared to the SC 
group. 
Abbreviations: LBW, low birth weight; MLBW, mature low birth weight; NICU admission, neonatal intensive care unit admission.
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Subgroup Analysis Among the SC Group
Demographics Characteristics
In the SC group, the 1558 cases were subdivided into the <43 years group (1376 cases) and the ≥43 years group (203 
cases). There was no significant difference between the two subgroups (Table 3).

Maternal Outcomes
The rates of GDM (39.9% vs 32.15%, P = 0.005, RR 1.25, 95% CI 1.07–1.45) and HDP (23.7% vs 17.1%, RR 1.39, 95% 
CI 1.11–1.73) were significantly higher in the ≥43 years group than in the <43 years group and there were no significant 
differences in the rates of other pregnancy complications. The rate of cesarean section was also significantly higher in the 
≥43 years group (68.6% vs 62.6%, P = 0.037, RR 1.10, 95% CI 1.01–1.19), while no differences were found in the 
gestational week of delivery and maternal ICU admissions (Figure 4).

Neonatal Outcomes
The rate of neonatal asphyxia was significantly higher in the ≥43 years group than in the <43 years group (5.5% vs 2.9%, 
RR 1.88, 95% CI 1.10–3.22). However, there were no significant differences in birth weight or other neonatal outcomes 
between the two groups (Figure 5).

Table 2 Clinical Profiles of Perinatal Mortality in the SC Group

NO. Age 
(Year)

Gravidity Parity Gestational 
Weeks(w)

Birth 
Weight(g)

Cause

1 43 3 1 27.60 1100 Medical induced abortion due to pathogenic 

mutation of fetal gene chip

2 44 2 1 28.30 1000 Fetal deaths due to severe pre-eclampsia
3 41 4 1 29.50 650 Fetal deaths due to umbilical cord torsion

4 41 5 3 33.50 1700 Fetal deaths due to umbilical artery rupture

5 55 9 8 33.00 2200 Induced labor due to advanced maternal age
6 42 4 2 32.10 1900 Medical induced labor due to fetal cleft lip-palate 

and limb defects
7 41 2 1 32.30 1400 Fetal deaths due to severe pre-eclampsia and 

early placental abruption

8 42 5 1 34.50 1800 Fetal deaths due to umbilical cord torsion
9 40 6 2 35.40 2800 Medical induced labor due to fetal 

hydrocephalus

10 42 2 0. 36.60 2800 Unexplained fetal deaths

Abbreviation: PGDM, pregestational diabetes mellitus.

Table 3 Demographic Characteristics of the ≥43 Years Group and the <43 Years 
Group

≥43 years  
(n=363)

<43 years  
(n=1157)

P value

Pre-pregnancy BMI (kg/m2), mean (SD) 23.18 (3.11) 22.89 (3.10) 0.122

Pre-delivery BMI (kg/m2), mean (SD) 27.75 (3.30) 27.52 (3.24) 0.240
Gravidity (IQR) 4 (2, 5) 3 (2, 4) 0.066

Parity (IQR) 1 (1, 2) 1 (1, 2) 0.984

Scarred uterus, n (%) 119 (32.8) 387 (32.4) 0.887
PGDM, n (%) 15 (4.1) 32 (4.7) 0.156

Abbreviation: PGDM, pregestational diabetes mellitus.
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Figure 4 Maternal outcomes of the ≥ 43 years group and the <43 years group. The GDM, HDP, and cesarean section rates were significantly higher in the ≥43 years group 
than in the <43 years group. 
Abbreviations: PPH, Postpartum hemorrhage; PROM, premature rupture of membranes; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy.

Figure 5 Neonatal outcomes of the≥ 43 years group and the <43 years group. The rate of neonatal asphyxia was significantly higher in the ≥43 years group than in the <43 
years group. 
Abbreviations: LBW, low birth weight; MLBW, mature low birth weight; NICU admission, neonatal intensive care unit admission.
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Discussion
The trend of women postponing childbirth and policy changes like China’s three-child policy have indeed led to an 
increase in the number of older pregnant women, both conceiving naturally and by IVF/ICSI-ET. Although IVF/ICSI-ET 
has been documented as a relatively safe technology, its impact on maternal and neonatal risks in women aged 40 and 
above with singleton pregnancies of 28 weeks or more remains less studied. To address this issue, we conducted 
a retrospective analysis of maternal and perinatal data from women of advanced age across four tertiary hospitals. Our 
data showed that maternal complications and adverse neonatal outcomes were comparable between the IVF/ICSI-ET 
group and the SC group, except that the rates of cesarean section and maternal ICU admission were higher in the IVF/ 
ICSI-ET group. Unexpectedly, the IVF/ICSI-ET group had lower rates of birth defects and perinatal deaths compared to 
the SC group, which reported 10 cases of perinatal deaths. Subgroup analysis of the SC group showed that the rates of 
GDM, HDP, cesarean section, and neonatal asphyxia were significantly higher in the ≥43 years group than the <43 years 
group.

IVF/ICSI-ET Did Not Increase the Risk of Maternal Complications
There was no statistical difference in maternal complications between the IVF/ICSI-ET group and the SC group, 
indicating that IVF/ICSI-ET would not further increase the risk of maternal complications in advanced-age women. 
However, this result was inconsistent with previous studies, which showed an increased risk of obstetric and perinatal 
complications,10 GDM,11 and postpartum hemorrhage12 in singleton pregnancies conceived through IVF/ICSI. One 
possible reason for these discrepancies may come from confounding factors. Notably, the significant difference in GDM 
between the two groups no longer existed after applying PSM, highlighting that selection bias or baseline imbalances are 
common limitations in observational studies.13 However, this problem can be partially solved by PSM.14 In addition, 
advancements in IVF techniques, such as blastocyst culture, vitrification, and single embryo transfer, may have lessened 
the adverse impacts of IVF/ICSI on pregnancy outcomes, rendering the differences between the two groups undetectable.

Many studies also showed that IVF/ICSI-ET is a safe technology for advanced-age women with singleton 
pregnancy.15,16 Furthermore, a recent long-term study17 found that IVF/ICSI-ET does not elevate the risk of cardiovas
cular issues in women. However, as maternal age increases, the prevalence of chronic conditions like pregestational 
diabetes and hypertension increases, along with a rise in pregnancy-related complications.18,19 This was also confirmed 
in our subgroup analyses, which showed that the rates of HDP and GDM were significantly higher in the ≥43 years group 
than in the <43 years group. A study found that the mortality rate in women of advanced maternal age was significantly 
higher than in young pregnant women, with hemorrhagic shock being the leading cause of maternal mortality in those 
aged ≥40 years, and over half of these cases are linked to HDP.20 Therefore, to reduce the risk of preeclampsia, aspirin is 
recommended for women aged ≥40 years with or without IVF/ICSI-ET21 at 12–16 weeks’ gestation. In addition, 
managing blood glucose levels is crucial since GDM can heighten the risk of maternal mortality later in life.22 

Effective blood glucose control before pregnancy can also reduce the risk of metabolic disorders in the offspring.23

IVF/ICSI-ET Increased the Rates of Cesarean Section and Maternal ICU Admission
The cesarean section rate increased to 68.6% with maternal age in subgroup analyses,24–26 and further rose to 78% in the 
IVF/ICSI-ET group, likely due to the perceived preciousness of the IVF-conceived baby and medical environment.27 

However, cesarean sections could elevate the risks of postpartum hemorrhage, infections, deep vein thrombosis, etc,28 

further deteriorating maternal health and resulting in a higher rate of maternal ICU admissions in the IVF/ICSI-ET group. 
Therefore, unnecessary cesarean sections should be avoided to reduce adverse maternal outcomes, as IVF/ICSI-ET itself 
is not a medical indication for cesarean section, and advanced maternal age is safe for vaginal delivery in the absence of 
maternal and fetal complications.1

IVF/ICSI-ET Did Not Increase Adverse Neonatal Outcomes
Our results suggested that IVF/ICSI-ET might not affect birth weight or adverse neonatal outcomes during the perinatal 
period. Conversely, the IVF/ICSI-ET group showed a lower rate of birth defects after PSM. In addition, there were no 
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perinatal deaths in the IVF/ICSI-ET group (204 cases), whereas there were 10 perinatal deaths in the SC group (1558 
cases), including 4 medically induced abortions and 6 fetal deaths. While prior studies have suggested that birth defects 
remain more common in IVF/ICSI-ET infants29 and that the risk of stillbirth is significantly increased compared with 
natural conception.30 These inconsistencies can be interpreted through several lenses. Firstly, the definition of the 
perinatal period varies geographically: internationally, it spans from the 22nd week of pregnancy to 7 days post-birth, 
but in China, it extends from the 28th week of pregnancy to 7 days post-birth. Therefore, we only analyzed data on birth 
defects and perinatal mortality occurring after 28 weeks of gestation. Secondly, women undergoing IVF/ICSI-ET tend to 
access more obstetric care, which allows for the early detection of fetal defects and the possibility of inducing labor 
before 28 weeks if needed. Thirdly, the increase in obstetric care also brings more standardized management of 
pregnancy complications, such as pre-eclampsia, which in turn reduces the risk of perinatal deaths.

However, an expanding collection of research supports our findings. For instance, a study31 revealed no difference in 
SGA between IVF and natural pregnancies in the same mother. Another study32 indicated that the overall genetic 
diagnostic rate and incidence of newborn variations in infants conceived through IVF/CSI are similar to those conceived 
naturally. In addition, IVF/ICSI-ET had not been shown to influence cognitive and behavioral outcomes at 9 years of 
age,33 affect school-age developmental and educational outcomes,34 or increase the risk of obstetric or perinatal 
complications in offspring conceived and delivered by ART at the time of parenthood.35 Therefore, both short- and long- 
term outcomes in offspring suggest that IVF/ICSI-ET is a relatively safe technology, which offers hope to many parents 
wishing for a healthy child.36

Finally, subgroup analysis showed a higher rate of neonatal asphyxia with maternal age, verifying that advanced 
maternal age raises adverse neonatal outcomes, which is in line with previous studies. Studies demonstrated that 
advanced maternal age increases age-related malformations,37 chromosomal abnormalities, notably trisomy births,38 

and discrepancies in birth weight, including both large and small for gestational age babies.39,40 Therefore, with or 
without IVF/ICSI-ET, health professionals need to be concerned about the risk of adverse neonatal outcomes in advanced 
maternal age.

Strengths and Limitations
This study has several strengths. Firstly, it was a multicenter cohort study conducted in not only provincial and municipal 
general hospitals but also general and specialist hospitals, which reduced selection bias. Secondly, all data were obtained 
from the inpatient system, which reduced recall bias. Lastly, PSM was used to reduce the influence of confounding 
factors and improve the reliability of the results. However, the study has limitations, including a lack of infertility 
diagnosis and a small sample size with a short follow-up. Therefore, ongoing longitudinal studies are needed to explore 
the long-term effects of IVF/ICSI-ET technology on women and children.

Conclusions
This study showed that IVF/ICSI-ET would not increase the risk of maternal and neonatal complications during the 
perinatal period in women aged ≥40 years, suggesting that IVF/ICSI is a relatively safe technology for advanced-age 
women. However, IVF/ICSI-ET heightened the risk of cesarean section and maternal ICU admissions. This study 
provides new insight for obstetricians and women of advanced maternal age considering IVF/ICSI-ET.
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