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Background: Conceptions following in vitro fertilization (IVF) or intracytoplasmic sperm
injection (ICSI) have an increased risk of congenital anomalies. Few studies have explored
the prognosis of fetuses with congenital anomalies. This study aimed to investigate the
prevalence and prognosis of congenital anomalies in IVF/ICSI pregnancies, and to analyze
the influencing factors contributing to poor prognosis.

Methods: In this multicenter retrospective cohort study, we followed 405,473 embryo
transfer cycles at 15 reproductive centers between January 2010 and December 2019
and enrolled 2,006 intrauterine pregnancies with congenital anomalies. The relatively
positive prognosis group with one or more live births and neonatal survival for more than 7
days was compared with the poor prognosis group with poorer outcomes.

Results: Among the 168,270 ongoing intrauterine pregnancy cycles, the prevalence of
congenital anomalies was 1.19%, wherein the malformation rates of cycles with late
abortion and delivery were 2.37% (716/30,202) and 0.93% (1,290/138,068), respectively.
Among all IVF/ICSI cycles with congenital anomalies, the relatively positive prognosis rate
was 61.39%. Moreover, the fertilization failure rate (2 pro-nuclei rate < 25%) in the poor
prognosis group was significantly higher than that in the relatively positive prognosis group
(10.89% vs. 5.09%, p < 0.001). Multivariate logistic regression analysis revealed no
significant differences in the relatively positive prognosis rate among the various IVF/ICSI
protocols. The relatively positive prognosis rate of fertilization failure cycles was 0.180
times that of normal fertilization cycles.

Conclusion: Poor fertilization rates during IVF/ICSI treatments are more likely to have
poor prognosis in fetuses or neonates with congenital anomalies, and obstetric
management should be strengthened in pregnant women, with which pregnant women
should be recommended to strengthen obstetric management.
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INTRODUCTION

Over the decades, with the continuous development and social
acceptance of assisted reproductive technologies (ARTs), an
increasing number of infertile couples have conceived by
undergoing in vitro fertilization (IVF) or intracytoplasmic
sperm injection (ICSI). In European countries, approximately
2% of infants are born annually through ART (1). In Beijing, the
rate of births attributed to ART has reached 1.4%, which is close
to the estimated rate of ART conceptions in China (1%–2%) (2).
Although this technique primarily aims to improve pregnancy
outcomes in infertile couples, there remains widespread concern
and controversy about whether IVF/ICSI increases the incidence
of adverse obstetric and perinatal outcomes due to its unnatural
in vitro procedures.

Congenital anomalies are a leading cause of fetal or neonatal
death in the perinatal period. Their treatment is complicated,
resulting in great psychological and financial burden on the
child and his family. Recently, several studies have
demonstrated that pregnancies conceived with IVF/ICSI have
an increased risk of congenital anomalies compared to
spontaneous conceptions (3–7), and some meta-analyses have
concluded that the pooled risk estimation ranges from 1.32 to
1.37 (8–10).

The underlying mechanisms explaining the association
between the risk of congenital anomalies and ART remain
unclear, including infertility itself (6) and the increased
proportion of multiple births (4, 11). In addition, specific ART
procedures, such as ICSI and embryos frozen and thawed, may
increase the risk of birth defects (8).

However, few studies have assessed the clinical pregnancy
outcomes of fetuses or infants with congenital anomalies born
after IVF/ICSI. This study aimed to evaluate the prevalence and
prognosis of congenital anomalies among pregnancies conceived
through IVF/ICSI treatments from 2010 to 2019, and to explore
the factors contributing to poor prognosis.
Frontiers in Endocrinology | www.frontiersin.org 2
MATERIALS AND METHODS

Study Design
This retrospective, multicenter, cohort study collected infertile
patients undergoing IVF/ICSI cycles at 15 reproductive centers
in China. This study was approved by the Medical Science
Research Ethics Committee of Peking University Third
Hospital (IRB00006761-M2019487). All data collection and
analysis procedures conducted in this trial were performed in
accordance with the Declaration of Helsinki. Individual
informed consent was waived, as it is a retrospective study.

Patients
From January 2010 to December 2019, we followed up 199,591
IVF-fresh cycles and 114,816 IVF-frozen cycles from 15
reproductive centers. Then, a total of 405,473 embryo transfers
were performed. Finally, 174,639 women obtained clinical
pregnancy, including 6,369 heterotopic pregnancy or early
miscarriage and 168,270 intrauterine pregnancy of more than
12 weeks (Figure 1).

We collected and recorded detailed information from all
centers in this study, including parental basic characteristics
(age, body mass index, infertility duration, and parity), IVF/
ICSI indications, IVF/ICSI specific techniques (oocyte retrieval
protocols, type of fertilization, and fresh or frozen embryos), and
IVF/ICSI outcomes (mature oocytes, 2 pro-nuclei [2PN], and
fertilized embryos).

Clinical pregnancy outcomes were primarily follow-up data
recorded at the end of the pregnancy. Pregnancies ≥28 weeks and
<28 weeks but with a live birth were considered deliveries.
Pregnancy loss referred to late abortions between 12 and 28
weeks, including spontaneous abortions, embryo damage, and
induced abortions for various reasons, divided into miscarriages
<20 and ≥20 weeks.

After confirming intrauterine pregnancy, women were
scheduled for a systematic prenatal examination in the
FIGURE 1 | Flowchart showing patient selection.
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obstetrics department to identify the presence of deformities or
chromosomal abnormalities. In addition to the malformations
detected during pregnancy, any structural, functional, and
genetic anomalies diagnosed after late abortion or delivery
were defined as congenital anomalies (12), which were
classified according to the diagnostic codes of the International
Classification of Diseases version 10 (ICD-10).

IVF/ICSI cycles with congenital anomalies were grouped into
relatively positive prognosis and poor prognosis based on the
outcomes of fetuses or neonates. Based on the Manual of Maternal
and Child Health Surveillance of China (13), hospital monitoring
on birth defects is from 28 weeks of gestation to 7 days after birth.
Thus, we defined the relatively positive prognosis as having one or
more live births and neonatal survival for more than 7 days. Poor
prognosis covered intrauterine deaths, stillbirths, neonatal deaths
within 7 days of birth, therapeutic abortions for fetuses with severe
fatal and disabling malformations detected by prenatal
examination or non-fatal malformations but requested by their
parents, and spontaneous abortions after 12 weeks of gestation
with chromosomal abnormalities.

Influencing Factors
To explore the potential factors influencing the prognosis of
offspring with congenital anomalies, we made a comparison on
the details collected between the relatively positive prognosis
group and the poor prognosis group.

Between the two groups, we also compared the rate of
fertilization failure, when the number of 2PN embryos
accounted for was less than 25% of the number of oocytes
collected in one IVF/ICSI cycle, and their pregnancy outcomes,
including pregnancy loss rate, delivery rate, live birth rate, birth
weight, and birth height.

Statistical Analysis
All statistical analyses were conducted using SPSS software,
version 26.0 for Windows (SPSS, USA). Continuous variables
Frontiers in Endocrinology | www.frontiersin.org 3
were reported as mean ± standard deviation (SD). The
characteristics of two groups were compared using an
independent sample t-test or the chi-squared test, as
appropriate. Given that many factors may affect the prognosis
of pregnancies with congenital anomalies, multivariate logistic
regression analysis was performed to analyze the potential
influencing factors contributing to poor prognosis, with using
the odds ratios (ORs) and corresponding 95% confidence
intervals (CIs). Statistical significance was defined as a two-
sided p < 0.05.
RESULTS

Over the study period, we followed up a total of 168,270 IVF/
ICSI cycles with ongoing intrauterine pregnancies and finally
enrolled 2,006 pregnancies with congenital anomalies. The
overall prevalence of congenital anomalies in the study
population was 1.19%, wherein the prevalence of cycles with
late pregnancy loss and delivery was 2.37% (716/30,202) and
0.93% (1,290/138,068), respectively. Based on ICD-10 codes, the
incidence of congenital anomalies in specific organ systems is
shown in Table 1. Malformations of the circulatory system were
the most common in all pregnancies following IVF/ICSI, with a
frequency of 0.34%, while genital malformations were the least
common (0.02%). In IVF/ICSI cycles with late abortion,
chromosomal abnormality was the main congenital anomaly,
accounting for 37.99% of cases (272/716).

Among all IVF/ICSI cycles with congenital anomalies, the
rate of relatively positive prognosis was 61.39% (1,258/2,006).
Mothers in the relatively positive prognosis group tended to be
younger (31.77 ± 4.30 vs. 32.95 ± 4.80, p < 0.001); the trend
continued for the fathers (33.44 ± 5.27 vs. 34.75 ± 5.93, p <
0.001). Furthermore, they were more likely to have primary
infertility (57.87% vs. 51.34%, p = 0.004) and be nulliparous
TABLE 1 | Congenital anomalies from in vitro fertilization cycles.

ICD-10 code Item Pregnancy
losses

Delivery All* OR 95% CI

/ No. of cycles (%) 30,202 138,068 168,270 /
/ No. of congenital anomalies (%) 716 (2.37%) 1,290

(0.93%)
2,006
(1.19%)

2.575 (2.348, 2.823)

Q00–Q07 Congenital malformations of the nervous system 69 (0.23%) 96 (0.07%) 165 (0.10%) 3.291 (2.415, 4.485)
Q10–Q18 Congenital malformations of eye, ear, face, and neck 8 (0.03%) 93 (0.07%) 101 (0.06%) 0.393 (0.191, 0.809)
Q20–Q28 Congenital malformations of the circulatory system 134 (0.44%) 440 (0.32%) 574 (0.34%) 1.394 (1.148, 1.692)
Q30–Q34 Congenital malformations of the respiratory system 3 (0.01%) 54 (0.04%) 57 (0.03%) 0.254 (0.079, 0.812)
Q35–Q37 Cleft lip and cleft palate 28 (0.09%) 67 (0.05%) 95 (0.06%) 1.911 (1.229, 2.971)
Q38–Q45 Other congenital malformations of the digestive system 7 (0.02%) 68 (0.05%) 75 (0.04%) 0.470 (0.216, 1.024)
Q50–Q56 Congenital malformations of genital organs 0 (0.00%) 27 (0.02%) 27 (0.02%) / (p = 0.015)
Q60–Q64 Congenital malformations of the urinary system 18 (0.06%) 86 (0.06%) 104 (0.06%) 0.957 (0.576, 1.590)
Q65–Q79 Congenital malformations and deformations of the musculoskeletal

system
41 (0.14%) 156 (0.11%) 197 (0.12%) 1.202 (0.852, 1.696)

Q80–Q89 Other congenital malformations 43 (0.14%) 86 (0.06%) 129 (0.08%) 2.288 (1.586, 3.299)
Q90–Q99 Chromosomal abnormalities, not elsewhere classified 272 (0.90%) 38 (0.03%) 310 (0.18%) 33.010 (23.504,

46.362)
/ Multi-malformations 93 (0.31%) 79 (0.06%) 172 (0.10%) 5.395 (3.996, 7.284)
July 2022 | Volu
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(89.43% vs. 85.70%, p = 0.013) than were those in the poor
prognosis group. No statistically significant differences were
found in mean body mass index (BMI) of the couples,
infertility duration, or IVF/ICSI indications (Table 2).

Of the 2,006 IVF/ICSI cycles, 522 frozen cycles had missing
IVF/ICSI laboratory information. There was a statistically
significant difference in the method of fertilization between the
two study groups. The rate of ICSI was higher in the relatively
positive prognosis group (35.93% vs. 29.46%, p = 0.011). In cycles
treated with ICSI, the rates of mature oocytes (84.41% vs. 87.30%,
p = 0.002) and 2PN embryos (68.84% vs. 72.90%, p = 0.002) were
lower in pregnancies with poor prognosis. Furthermore, the rate
of fertilization failure (2PN rate <25%) in the poor prognosis
group was significantly higher than in the relatively positive
prognosis group (10.89% vs. 5.09%, p < 0.001) (Table 3). In
addition, no differences were observed when comparing the
oocyte retrieval protocols, fresh or frozen embryo transfer, and
the embryo stage at transfer during IVF/ICSI conception
between the two groups.
Frontiers in Endocrinology | www.frontiersin.org 4
The clinical outcomes of the study populations were
demonstrated in Table 4. Newborns with relatively positive
prognosis yielded a significantly superior birth weight (2,616.06
± 754.53 g vs. 1,936.07 ± 1,186.61 g, p = 0.001) and birth height
(47.25 ± 4.29 cm vs. 40.33 ± 7.58 cm, p < 0.001).

Multivariate logistic regression analysis showed that
pluriparity, early preterm birth (delivery at 28–34 weeks), and
fertilization failure were factors for poor prognosis in IVF/ICSI
pregnancies with congenital anomalies after adjusting for all
confounding variables (Table 5). The resulting adjusted OR for
fertilization failure was 0.180 (95% CI: 0.061–0.528, p = 0.002)
for patients with a relatively positive prognosis.
DISCUSSION

In this 2010–2019 multicenter comprehensive follow-up study in
China, the overall prevalence of congenital anomalies among
intrauterine pregnancies ≥12 weeks conceived through IVF/ICSI
TABLE 2 | Basal characteristics of patients with congenital anomalies after in vitro fertilization.

Relatively positive prognosis Poor prognosis All P-value

Treatment cycles 1,258 748 2,006 /
Maternal age (years) 31.77 ± 4.30 32.95 ± 4.80 32.21 ± 4.53 <0.001

<30 (%) 401 (31.88%) 194 (25.94%) 595 (29.66%) <0.001
30–<35 (%) 532 (42.29%) 284 (37.97%) 816 (40.68%)
35–<40 (%) 274 (21.78%) 195 (26.07%) 469 (23.38%)
≥40 (%) 51 (4.05%) 75 (10.03%) 126 (6.28%)

Maternal body mass index (kg/m2) 22.39 ± 3.16 22.66 ± 3.52 22.49 ± 3.30 0.115
<18.5 (%) 81 (7.72%) 42 (6.94%) 123 (7.44%) 0.533
18.5–<24.0 (%) 681 (64.92%) 392 (64.79%) 1,073 (64.87%)
24.0–<28.0 (%) 230 (21.93%) 128 (21.16%) 358 (21.64%)
≥28.0 (%) 57 (5.43%) 43 (7.11%) 100 (6.05%)
Unknown (%) 209 (16.61%) 143 (19.12%) 352 (17.55%) /

Paternal age (years) 33.44 ± 5.27 34.75 ± 5.93 33.93 ± 5.56 <0.001
<30 (%) 287 (22.85%) 151 (20.19%) 438 (21.86%) <0.001
30–<35 (%) 490 (39.01%) 235 (31.42%) 725 (36.18%)
35–<40 (%) 335 (26.67%) 208 (27.81%) 543 (27.10%)
≥40 (%) 144 (11.46%) 154 (20.59%) 298 (14.87%)
Unknown (%) 2 (0.16%) 0 (0.00%) 2 (0.10%) /

Paternal body mass index (kg/m2) 24.85 ± 3.55 24.75 ± 3.33 24.81 ± 3.47 0.559
<18.5 (%) 27 (2.75%) 14 (2.39%) 41 (2.61%) 0.784
18.5–<24.0 (%) 382 (38.86%) 242 (41.30%) 624 (39.77%)
24.0–<28.0 (%) 404 (41.10%) 235 (40.10%) 639 (40.73%)
≥28.0 (%) 170 (17.29%) 95 (16.21%) 265 (16.89%)
Unknown (%) 275 (21.86%) 162 (21.66%) 437 (21.78%) /

Infertility duration (years) 4.19 ± 3.21 4.06 ± 3.10 4.14 ± 3.17 0.389
Primary infertility (%) 728 (57.87%) 384 (51.34%) 1,112 (55.43%) 0.004
Nulliparous (%) 1,125 (89.43%) 641 (85.70%) 1,766 (88.04%) 0.013
IVF indications (%)

Pelvic and tubal disorder 457 (36.33%) 265 (35.43%) 722 (35.99%) 0.455
Ovulatory disorder 98 (7.79%) 58 (7.75%) 156 (7.78%)
Endometriosis 34 (2.70%) 21 (2.81%) 55 (2.74%)
Mixed female infertility factors 74 (5.88%) 28 (3.74%) 102 (5.08%)
Other female infertility factors* 6 (0.48%) 4 (0.53%) 10 (0.50%)
Oligo-, asthen-, and/or terato-spermia 215 (17.09%) 132 (17.65%) 347 (17.30%)
Ejaculation disorder 9 (0.72%) 2 (0.27%) 11 (0.55%)
Azoospermia 43 (3.42%) 32 (4.28%) 75 (3.74%)
Mixed female and male infertility factors 230 (18.28%) 136 (18.18%) 366 (18.25%)
Chromosomal abnormality 16 (1.27%) 10 (1.34%) 26 (1.30%)
Unexplained 76 (6.04%) 60 (8.02%) 136 (6.78%)
Ju
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TABLE 3 | Characteristics of IVF.

Relatively positive prognosis Poor prognosis All p-value

Treatment cycles 1,258 748 2,006 /
Protocol (%)
Stimulate protocol 990 (78.70%) 595 (79.55%) 1,585 (79.01%) 0.400
Micro stimulate protocol 117 (9.30%) 57 (7.62%) 174 (8.67%)
Natural cycle 151 (12.00%) 96 (12.83%) 247 (12.31%)
ART (%)
IVF-Fresh cycles 515 (40.94%) 307 (41.04%) 822 (40.98%) 0.181
IVF-Frozen cycles 500 (39.75%) 358 (47.86%) 858 (42.77%)
PGT 20 (1.59%) 12 (1.60%) 32 (1.60%)
Fertilization cycles
IVF-ET (%) 592 (64.07%) 395 (70.54%) 987 (66.51%) 0.011
ICSI (%) 332 (35.93%) 165 (29.46%) 497 (33.49%)
Unknown (%) 334 (26.55%) 188 (25.13%) 522 (26.02%) /
IVF (include rescue ICSI) (%)* 592 395 987 /
No. of 2PN embryos/No. of oocytes collected (%) 4,708/7,069 (66.60%) 2,801/4,259 (65.77%) 7,509/11,328 (66.29%) 0.363
No. of fertilization embryos/No. of oocytes collected (%) 5,462/7,069 (77.27%) 3,319/4,259 (77.93%) 8,781/11,328 (77.52%) 0.414
ICSI (include half-ICSI) (%)* 332 165 497 /
No. of mature oocytes/No. of oocytes collected (%) 3,671/4,205 (87.30%) 1,781/2,110 (84.41%) 5,452/6,315 (86.33%) 0.002
No. of 2PN embryos/No. of mature oocytes (%) 2,676/3,671 (72.90%) 1,226/1,781 (68.84%) 3,902/5,452 (71.57%) 0.002
No. of fertilization embryos/No. of mature oocytes (%) 2,921/3,671 (79.57%) 1,361/1,781 (76.42%) 4,282/5,452 (78.54%) 0.008
Fertilization failure cycles (2PN rate < 25%) (%)* 47 (5.09%) 61 (10.89%) 108 (7.28%) <0.001
Embryos transferred (%)
1 233 (18.52%) 192 (25.63%) 425 (21.19%) <0.001
2 951 (75.60%) 507 (67.69%) 1,458 (72.68%)
3 74 (5.88%) 49 (6.54%) 123 (6.13%)
Embryo stage at transfer (%)
Cleavage stage 825 (65.58%) 484 (64.62%) 1,309 (65.25%) 0.691
Blastocyst stage 433 (34.42%) 264 (35.25%) 697 (34.75%)
Frontiers in Endocrinology | www.frontiersin.org
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*Out of the 2,006 IVF cycles, IVF laboratory information was collected for 1,484 cycles (73.98%).
2PN, 2 pro-nuclei; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; PGT, preimplantation genetic testing.
TABLE 4 | Clinical outcomes.

Relatively positive prognosis Poor prognosis All P-value

Treatment cycles 1258 748 2006 /
Pregnancy outcomes
Pregnancy losses (weeks) 0 (0.00%) 665 (88.90%) 665 (33.15%) <0.001
12–<20 (%) 0 (0.00%) 204 (27.27%) 204 (10.17%) /
20–<28 (%) 0 (0.00%) 461 (61.63%) 461 (22.98%)

Delivery (weeks)* 1,258 (100.00%) 83 (11.10%) 1,341 (66.85%) <0.001
<28 (%) 37 (2.94%) 1 (0.13%) 38 (1.89%) /
28–<34 (%) 197 (15.66%) 60 (8.02%) 257 (12.81%)
34–<37 (%) 308 (24.48%) 8 (1.07%) 316 (15.75%)
≥37 (%) 716 (56.92%) 14 (1.87%) 730 (36.39%)

Live births** (%) 1,258 (100.00%) 18 (2.41%) 1,276 (63.61%) <0.001
Live birth infants 1,749 22 1,771 /
Congenital anomalies 1,305 (74.61%) 21 (95.45%) 1,326 (74.87%) 0.025
Healthy 444 (25.39%) 1 (4.55%)*** 445 (25.13%)
Live birth weight (g) 2,616.06 ± 754.53 1,936.07 ± 1186.61 2,610.48 ± 761.01 0.001
<1,500 (%) 132 (7.55%) 7 (31.82%) 139 (7.85%) <0.001
1,500–<2,500 (%) 544 (31.10%) 2 (9.09%) 546 (30.83%)
2,500–<4,500 (%) 1,004 (57.40%) 5 (22.73%) 1,009 (56.97%)
≥4,500 (%) 10 (0.57%) 0 (0.00%) 10 (0.56%)
Unknown 59 (3.37%) 8 (36.36%) 67 (3.78%) /
Live birth height (cm) 47.25 ± 4.29 40.33 ± 7.58 47.19 ± 4.37 <0.001
Unknown 677 (38.71%) 13 (59.09%) 690 (38.96%) /
*Number of deliveries at or above 28 weeks gestation and deliveries under 28 weeks but with live births.
**Number of cycles having one or more live births.
***Newborn died with no congenital anomalies.
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https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Bao et al. Congenital Anomalies After IVF
was 1.19%. Nearly two-thirds could obtain a relatively
positive prognosis with one or more live births surviving more
than 7 days. Moreover, patients with fertilization failure were
more likely to have a poor prognosis for fetuses with
congenital anomalies.

The prevalence of congenital anomalies in the present study was
similar to the rate of 1.23% observed in a multicenter study
conducted from 2004 to 2008 (14). Another single-center study
indicated that congenital anomalies among infants conceived using
ART ranged from 1.10% to 1.20% (15). However, both studies were
limited to live births, and other pregnancy outcomes, such as
stillbirths or therapeutic labor induction, were not considered. In
contrast, our study showed a lower prevalence of birth defects
(0.93%) in cycles that resulted in delivery.
Frontiers in Endocrinology | www.frontiersin.org 6
Consistent with previous studies (5, 15), the most common
anomalies were malformations of the circulatory system in
pregnancies after IVF/ICSI. Chromosomal and musculoskeletal
anomalies followed behind. The incidence of chromosomal
abnormalities in patients who experienced abortion was 33
times higher than in women who gave birth (odds ratio [OR] =
33.010, 95% CI = 23.504, 46.362). Infertile patients may have
underlying genetic anomalies, and some chromosomal
abnormalities and genetic pathogenic variants could lead to
infertility (16). The genetic defects might transmit to offspring,
associated with congenital anomalies (17). In the process of IVF/
ICSI treatment, preimplantation genetic testing (PGT) or single-
nucleotide polymorphism (SNP) technology can effectively reduce
the prevalence of recurrent pregnancy loss or chromosomal
TABLE 5 | Logistic regression of the relatively positive prognosis rate in IVF cycles.

B P-value OR 95% CI for OR

Lower Upper

Maternal age (years)
<30 0.120
30–<35 0.307 0.511 1.359 0.545 3.391
35–<40 1.145 0.098 3.141 0.808 12.208
≥40 3.693 0.032 40.158 1.382 1167.321

Paternal age (years)
<30 0.241
30–<35 0.502 0.295 1.653 0.645 4.232
35–<40 −0.390 0.499 0.677 0.219 2.098
≥40 −0.475 0.555 0.622 0.128 3.009

Primary infertility −0.100 0.794 0.904 0.426 1.920
Nulliparous 1.420 0.007 4.138 1.478 11.581
ART

IVF-Fresh cycles 0.808
IVF-Frozen cycles 0.225 0.514 1.253 0.637 2.465
PGT 15.323 0.996 4,515,108 0.000 .

Pregnancy outcomes (weeks)
Delivery, ≥37 0.000
Pregnancy losses, 12–<20 −36.392 0.990 0.000 0.000 .
Pregnancy losses, 20–<28 −36.846 0.986 0.000 0.000 .
Delivery, <28 17.039 0.998 25,118,306 0.000 .
Delivery, 28–<34 −2.657 0.000 0.070 0.030 0.163
Delivery, 34–<37 −0.625 0.226 0.535 0.194 1.473

Congenital anomalies
Chromosomal abnormalities, not elsewhere classified 0.004
Congenital malformations of the nervous system 1.521 0.021 4.575 1.253 16.709
Congenital malformations of eye, ear, face, and neck 3.380 0.004 29.363 3.037 283.891
Congenital malformations of the circulatory system 2.418 0.000 11.228 3.631 34.715
Congenital malformations of the respiratory system 3.180 0.006 24.037 2.451 235.762
Cleft lip and cleft palate 1.613 0.079 5.016 0.829 30.334
Other congenital malformations of the digestive system 2.113 0.019 8.271 1.420 48.187
Congenital malformations of genital organs 20.081 0.998 525,983,590 0.000 .
Congenital malformations of the urinary system 17.320 0.990 33,278,477 0.000 .
Congenital malformations and deformations of the musculoskeletal system 2.605 0.001 13.536 3.085 59.390
Other congenital malformations 1.212 0.054 3.360 0.980 11.512
Multi-malformations 2.504 0.001 12.228 2.779 53.808

ICSI 0.540 0.161 1.716 0.807 3.649
Fertilization failure cycles (2PN rate < 25%) −1.716 0.002 0.180 0.061 0.528
Embryos transferred

1 0.931
2 −0.180 0.750 0.836 0.278 2.516
3 −0.002 0.999 0.998 0.160 6.239

Constant 1.768 0.999 5.859
July 2022 | Vo
lume 13 | Artic
OR, odds ratio; CI, confidence interval; 2PN, 2 pro-nuclei; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; PGT, preimplantation genetic testing.
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karyotype abnormalities (18, 19). Therefore, a PGT biopsy should
be performed in patients with indications. Among the infants
born, circulatory malformations remain the most common birth
defects, followed by musculoskeletal deformities, while
chromosomal abnormalities were the rarest after genital
malformations. This finding was different from the results of
Han et al., in which gastrointestinal anomalies were the second
and cheilopalatognathus was the third.

To date, several studies have indicated that ART use is
associated with an increased risk of congenital anomalies (2–7,
11, 20, 21). Levi et al. enrolled pregnancies of more than 12 weeks
and early spontaneous abortions and ectopic pregnancies (3).
They reported a prevalence of 3.8% for congenital anomalies
after ART, which was significantly higher than the general
population (2.05%). Shechter et al. only included live births
and found that newborns conceived with ART were more
likely to have birth defects compared with those conceived
without ART in the US (OR = 2.14, 95% CI = 1.94, 2.35) (7).
Another recent research on offspring obtained through ART or
non-ART in Beijing showed a higher rate of birth defects in ART
offspring (crude RR = 1.49; 95% CI = 1.26, 1.76) (2). A meta-
analysis by Hansen et al. (8) reviewed 45 cohort studies and
identified a pooled relative risk estimation of 1.32 (95% CI = 1.24,
1.42). The observed increased incidence of congenital anomalies
may be explained by advanced parental age (22, 23), multiple
pregnancies (4, 11), and underlying causes of infertility (3, 6, 24)
among infertile patients undergoing ART treatments.

Few studies have explored the prognosis of fetuses with
congenital anomalies. Our study showed that the relatively
positive prognosis rate was 61.39% (1,258/2,006). Previously,
Zhang et al. recorded the outcomes of fetuses with congenital
heart disease (25). In this study, less than one in five newborns
was born alive (346/1,851), of whom 34 died within 7 days after
birth. They indicated that gestational age at delivery was the only
risk factor contributing to neonatal death in the first week of life
(p < 0.001).

The present study found statistically significant differences
between female sex, male mean age, and delivery history
(nulliparous or not) between the two prognosis groups. Older
women have a lower quality of oocytes and an increased risk of
chromosomal abnormalities in their offspring (26), resulting in a
poor prognosis for fetuses with congenital anomalies. Primary
infertility and nulliparity were more common in the relatively
positive prognosis group. After controlling for other underlying
influencing factors, nulliparity still showed a relatively positive
outcome. The hypothesis was that a history of abnormal
gestation and birth might impact pregnancy outcomes in
infertile patients undergoing IVF/ICSI cycles.

It has been proposed that specific ART procedures, such as
fresh or frozen embryo transfer after IVF/ICSI or ICSI, have little
impact on the prevalence of congenital anomalies (27, 28). A
2012 meta-analysis did not find any difference in risk between
the two insemination methods (10). Furthermore, in our study,
although more ICSI cycles were observed in the relatively
positive prognosis group (35.93% vs. 29.46%, p = 0.011), there
was no substantial difference in the effect on prognosis whether
Frontiers in Endocrinology | www.frontiersin.org 7
patients were treated with ICSI (p = 0.161) after excluding other
confounding factors. When comparing fresh and frozen-thawed
embryo transfers, our study showed a similar rate of relatively
positive prognosis (p = 0.808). The consensus is that the transfer
of a single embryo has better perinatal outcomes for both
mothers and offspring (29, 30). In contrast to previous reports,
our study found that single-embryo transfer was associated with
a lower chance of favorable prognosis; however, the multivariate
logistic regression analysis identified that the number of
transferred embryos had no significant effect on prognosis (p
= 0.931).

More importantly, pregnancies with a poor prognosis had a
lower rate of mature oocytes and a higher fertilization failure rate
(2PN rate < 25%). Multivariate logistic regression analysis
showed that the relatively positive prognosis rate of fertilization
failure cycles was 0.180 times that of normal fertilization cycles.
Epigenetic remodeling, including DNA methylation, chromatin
accessibility, and histone modifications, occurs primarily during
human gametogenesis and early embryonic development (31).
ART procedures may affect epigenetic reprogramming processes,
causing severe defects in offspring (32, 33). Additionally, several
genes reportedly cause oocyte maturation arrest, fertilization
failure, embryonic arrest, and preimplantation embryonic
lethality (34). Combined with the results of the current study,
infertility patients with fewer mature oocytes and more failed
fertilization have a plausible increased risk of abnormal gametes,
consequently leading to poor quality embryos. Poor quality day 5
embryos transferred were more likely to have major anomalies
and chromosomal abnormalities (35) and had a further
poor prognosis.

Several limitations exist in our study. First, there are no clear
guidelines for defining favorable or unfavorable prognosis. In
this study, we defined a relatively positive prognosis as having
one or more live births surviving for more than 7 days. However,
quite a few babies suffering from congenital anomalies die within
the first month of life. At present, in majority of reproductive
centers in China, the routine follow-up endpoint for ongoing
pregnancies conceived by IVF/ICSI is 1–2 weeks after the
expected date of confinement. The terminal point of the
Chinese hospital-based birth defect surveillance system is 7
days after birth (35). As a multicenter study, it was difficult to
obtain the outcomes of newborns aged 1 month age or older.
Second, we did not compare the clinical outcomes of fetuses or
infants with congenital anomalies after IVF/ICSI with those
conceived naturally, as the participants were recruited from
centers for reproductive medicine. Further research is needed
to compare the prognosis of IVF/ICSI and spontaneous
conceptions with congenital anomalies. Third, some laboratory
data for fresh oocyte retrieval cycles corresponding to frozen-
thawed embryo transfer cycles were unavailable, because some
participating centers had limited electronic medical record
systems. However, these deletions were completely random
and did not significantly influence the results of our study.

In conclusion, this is the first multicenter study on the
prognosis of pregnancies with congenital anomalies after IVF/
ICSI. Moreover, our study suggests that poor fertilization rates
July 2022 | Volume 13 | Article 900499
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during IVF treatment are associated with a poor prognosis in
fetuses or neonates with congenital anomalies. Hence, couples
experiencing fertilization failure should be recommended to
strengthen obstetric management and active prenatal diagnosis.
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