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Abstract: Pregnancy at advanced maternal age (age >35 years old) is considered a risk 
factor for adverse maternal and perinatal outcomes. Yet, pregnancies of advanced maternal 
age have become more prevalent over the last few decades. Possible maternal complications 
of pregnancy at age 35 or older include increased risk of spontaneous miscarriage, preterm 
labor, gestational diabetes mellitus, pre-eclampsia, stillbirth, chromosomal abnormalities, and 
cesarean delivery. Possible adverse fetal outcomes include infants small for gestational age 
and intrauterine growth restrictions, low Apgar score, admission to neonatal intensive care 
units, and an autism spectrum disorder. This paper aims to present an up-to-date review of 
the literature, summarizing the most current studies and implications for the management of 
pregnancy of advanced maternal age. 
Keywords: advanced maternal age, adverse maternal outcome, adverse perinatal outcome

Introduction
Over the last several decades, developed countries have witnessed an increase in the 
average age of conception and delivery for women.1 A Centers for Disease Control and 
Prevention (CDC) report documented an increasing birth rate among advanced mater-
nal age (AMA, maternal age >35 years) women over the past 3 decades in the United 
States. Analysis of the data from the last decade showed an increase in the birth rate for 
women aged 35–39 years from 45.9 per 1000 women in 2010, to 52.7 in 2019.2,3 

Similarly, there was an increase in the birth rate for women aged 40–44 years from 10.2 
to 12 per 1000.2,3 This trend can be explained by women choosing to pursue careers 
and financial security, leading them to postpone childbearing age.4–6 Additionally, 
developments in advanced reproductive technology (ART) have extended the repro-
ductive window, with a corresponding increase incidence of AMA.6,7

Although there is no standardized definition of AMA, one common definition is 
of maternal age above 35.8,9 Beyond that, maternal age above 40 is considered very 
advanced maternal age (VAMA), and above 45, very late maternal age\extremely 
advanced maternal age (EAMA).10,11

AMA is considered a risk factor for adverse maternal and fetal outcomes. Some 
maternal complications include gestational diabetes mellitus (GDM), gestational 
hypertension (HTN), and cesarean delivery. Detrimental perinatal outcomes include 
higher rates of chromosomal abnormalities, miscarriage, pre-term labor, neonatal 
intensive care unit (NICU) admissions, and stillbirth.8,9
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The purpose of this review is to provide an up-to-date 
overview of possible maternal and fetal complications 
during pregnancy in AMA, as well as current recommen-
dations for examinations during pregnancy.

Materials and Methods
Five major search engines, namely MEDLINE, PubMed, 
Google Scholar, and Cochrane Library, were searched for 
articles published before March 2020 that matched any 
combination of the following keywords: [advanced mater-
nal age] OR [advancing maternal age] OR [older maternal 
age] OR [older women] OR [older mothers] OR [maternal 
age] AND [pregnancy outcome] OR [maternal outcome] 
OR [neonatal outcomes] OR [pregnancy complications]. 
Only scientific papers in English were included. We stu-
died the references and conducted a citation search. Two 
co-authors (IG and MR) independently selected, evaluated, 
and extracted data. The criteria for inclusion of the litera-
ture source were limited to the presence of information 
regarding the pathogenesis and outcome of pregnancy- 
related complications including original studies and struc-
tured reviews. The criterion for the exclusion of the article 
was based on study design (case reports, unstructured 
literature reviews, pharmaceutical studies were excluded), 
availability of the study (subscription access, open access), 
date of publication (later than 2000 studies included, and 
historically important studies) and relevance.

The primary evaluation indicated that our search strategy 
had identified a large number of irrelevant studies. Criteria 
to eliminate studies that did not address our research ques-
tion were developed throughout article processing to narrow 
the ongoing search. These criteria identified a total of 841 
articles for review. Following screening the titles of the 
studies, 358 articles were excluded for reasons of scope 
and/or not meeting the inclusion and exclusion criteria of 
the review. After screening the abstract of the studies, a total 
of 124 full-text articles were retrieved and analyzed for 
eligibility; of these, 77 articles were excluded because of 
irrelevant or repetitive conclusions to the study purpose. 
Finally, 47 articles were included for the qualitative analysis 
in the current review.

Results
Maternal Risks
Ectopic Pregnancies
Several studies report higher ectopic pregnancy rates 
among women of AMA. In a study from Norway, 

women over 35 years old had a risk of ectopic pregnancy 
eight times greater than women between the ages of 15–19 
years.12 Nybo Andersen et al reported similar results.13 

This may be explained by the accumulation of ectopic 
pregnancy risk factors over time, such as multiple sexual 
partners, pelvic infection, and tubal pathology.14

Hydatidiform Mole
Molar pregnancies (MP) are divided into two main sub-
groups; complete mole (CM) which is characterized by 46 
xx karyotypes (haploid sperm and empty ovum fertiliza-
tion), and partial mole (PM) with a triploid karyotype 
(fertilization of 2 sperm and an ovum).

MP can result in a trophoblastic tumor, which required 
chemotherapy.

The incidence of MP as a function of age demonstrates 
a U-shaped curve. In a population database study from 
England and Wales, the incidence of MP declined from 
age 13 to 34 from a range of 1:208 to 1:654. Whereas at 
age 35 onward, the incidence began to rise again, with an 
incidence of 1:423 at 40 years and 1:101 at 45 years old 
women. Looking at CM vs PM, at PM there is a small 
increase with maternal age, with risks of 1:903, 1:650, and 
1:286 at ages of 35, 40, and 45, relatively. On the other 
hand, with CM, the risk began to rise at age 40, but with 
a rapid increase of incidence; from 19–40 years old the 
risk is above 1:1248 pregnancies, at 41, 45, and 50 years 
old, the incidence is 1:993, 1:157 and 1:8 relatively. The 
risk for chemotherapy also increases with AMA, at AMA 
the prevalence was 17.9%, and at VAMA and EAMA it 
was above 20%.15

Another retrospective study from the US also demon-
strated an increased risk of CM at VAMA of 1.9 times 
(95% CI 1.2–3.1; p 0.006), but without a significant 
increase in PM with maternal age.16

The difference in the increase of incidence by age 
between CM and PM can be due to the hypothesis that 
with older maternal age, there is a greater chance of 
fertilizing an abnormal oocyte.

Multiple Gestation
Advanced maternal age is a known risk factor for multiple 
gestations in naturally conceived pregnancies that result 
from multiple ovulations, associated with higher maternal 
follicle-stimulating hormone (FSH) levels and following 
higher rates of ART used in older women. However, the 
outcome of multiple pregnancies in AMA women is as 
good as the outcome in younger women.17
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Gestational and Pre-Gestational Diabetes Mellitus
The incidence of insulin resistance and diabetes mellitus 
increases with age, and it is thus not surprising that the 
incidence of GDM also increases at AMA.

A retrospective study by Khalil and coworkers describe 
an increased GDM incidence of 1.62 (95% CI 1.43–1.83, 
P < 0.001) and 2.1 (95% CI 1.74–2.55, P < 0.001) at AMA 
and VAMA, respectively, compared to women under the 
age of 35 years. The risk of GDM remains higher in older 
ages, even after adjusting for confounding variables such 
as ethnicity and obesity.18,19

Reduction in insulin sensitivity and deterioration of 
pancreatic B-cell function seems to be the main reasons 
for the increased incidence of GDM with age.

Moreover, environmental factors can affect the inci-
dence of GDM at AMA. Dong et al demonstrated in 
a prospective study that elevated pre-pregnancy body 
mass index (BMI) independently increases the risk for 
GDM, particularly in AMA, when compared to a control 
group of maternal age between 20 and 35 years.20 

Pregestational diabetes, which is also more common 
among women at AMA, is associated with increased 
risks of fetal malformations, perinatal morbidity (mainly 
macrosomia and its sequelae), and mortality.21

Hypertension Disorders in Pregnancy and 
Pre-Eclampsia
Advanced age is a known risk factor for HTN due to 
endothelial damage which increases with age. It is thus 
reasonable to expect higher rates of chronic HTN, as well 
as an increased incidence of gestational HTN and pre- 
eclampsia (PET) among women of AMA. 
A retrospective study by Nieto et al comparing AMA, 
VAMA & EAMA to a control group of women under 30 
years of age, using univariate analysis, revealed an 
increased risk for PET only at EAMA (OR 3.32, 95% CI 
1.78–6.21). However, after using a multivariable logistic 
regression for confounding factors (obesity, use of ART, 
smoking, chronic HTN, and parity) there was no signifi-
cant association between age and PET.11

On the other hand, a systematic review from 2016 of 
92 cohort studies, with more than 1000 participants in each 
study, demonstrated an increased relative risk of 1.2 (95% 
CI 1.1–1.3) and 1.5 (95% CI 1.2–2.0) at AMA and 
VAMA, respectively.22

A recent study compared women with PET at an AMA 
with women with PET between the ages 20 to 34 years 
old, in terms of maternal and perinatal outcomes. They 

found that for women of an AMA, PET is an independent 
risk factor for postpartum hemorrhage (PPH) (OR=3.89, 
95% CI 1.16–13.03). Moreover, in the AMA group, the 
incidence of CD was significantly higher (53.5% vs 
28.6%, p < 0.005).23

Needless to say, PET has long-term implications on the 
cardiovascular health of older women. PET is an indepen-
dent risk factor for future heart failure, coronary heart 
disease, and stroke.24

Several possible mechanisms have been proposed for 
the association between AMA and the increased preva-
lence of PET, among them; decreased maternal hemody-
namic adaptation during pregnancy, loss of compliance of 
the uterine blood vessels, and comorbid disease.25,26

The use of low-dose aspirin as a prophylaxis treatment 
to reduce PET incidence in AMA women27 has been 
suggested by numerous authors.

Cesarean Delivery
The risk for CD increases dramatically with age. 
A retrospective cohort study from Washington state 
demonstrated that the primary CD incidence for 25 to 34 
years old (referent group) was 20.0%; the incidence for the 
AMA group was 25.9%, with a relative risk (RR) = 1.25 
(95% CI 1.20 to 1.29); the incidence for the VAMA was 
30.9%, RR = 1.45 (95% CI 1.40 to 1.50); the EAMA 
incidence was 35.7%, RR = 1.59 (95% CI 1.45 to 1.75); 
and, in women above the age of 50 years, the CD inci-
dence was 60.7%, RR = 2.44 (95% CI 1.95 to 3.05). 
Although CD rates were higher at primiparous compared 
to multiparous, this trend was the same for both 
subgroups.28 It is important to highlight that there was 
no trend of increased operative vaginal delivery associated 
with increased age.

There are several potential etiologies for this trend. 
Treacy et al and Waldenstrom et al found AMA to be 
a risk factor for labor dystocia and therefore higher rates 
of CD in this parturient group.29,30

Rydahi and her colleagues also demonstrated an 
increased risk for CD at AMA (aOR 2.18, 95% CI 2.11– 
2.26) and VAMA (aOR 3.64, 95% CI 3.41–3.90) as com-
pared to women aged <30, suggesting that the increasing 
rate of CD was due to maternal preferences and lower 
treatment threshold for intervention.31 Apparently, all 
three mechanisms proposed are correct, so the increased 
rate of CD can be explained by each one of them, and by 
all of them together.
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Maternal Mortality and Other Illnesses
The leading etiologies for maternal mortality include 
hemorrhage, infection, and cardiovascular pathologies. 
An updated review on AMA presented an increasing 
maternal mortality rate (MMR) of 7.7 times for VAMA 
compared to women aged <25.32 In the same way, another 
review on AMA demonstrated an increase in MMR when 
comparing pregnant women under age 35 with AMA 
women (10.8 vs 38 deaths per 100,000 births). This rela-
tively high rate can be explained by comorbidities and 
other coexisting diseases at AMA.14

Likewise, the risk for other adverse illnesses increases 
with older maternal age. Amniotic fluid embolism and 
obstetric shock are eight-fold and three-fold higher at 
VAMA comparing to 25–29 years old women. On the 
contrary, women who gave birth after age 33 had increas-
ing odds (two times) of living to age 95 comparing women 
with their last birth before age 30.32

Adverse Fetus Outcomes
Spontaneous Miscarriage
The incidence of miscarriage increases with maternal age, 
with incidences for AMA, VAMA, and EAMA at approxi-
mately 25%, 50%, and 90%, respectively.32,33 Leader and 
her colleagues, in a recent systematic review regarding 
risks of EAMA, demonstrated that the risk of fetal loss is 
about 2.6 (95% CI 1.47–4.62) as compared to pregnancies 
before the age of 45.34

Chromosomal abnormalities are thought to be the lead-
ing cause of spontaneous miscarriage in the first 
trimester.35,36 A recent study from China examined the 
relationship between chromosomal abnormalities, AMA, 
and spontaneous miscarriage in 497 pregnancies, and 
found that the rate of fetal chromosomal abnormalities in 
spontaneous miscarriages at VAMA is significantly higher 
as compared to younger women (60.6% vs 33.5% in 
women aged 30–34). The most common chromosomal 
aneuploidy was trisomy 22, followed by trisomy 16 and 
trisomy 21.37

It has been proposed that errors at meiosis 1 and 2, 
mitochondrial dysfunction, and other molecular mechan-
isms are responsible for the increased chromosomal aneu-
ploidy related to AMA. It is interesting to note that there 
may also be nutritional factors as well as lifestyle-related 
factors that can affect oocyte quality (BMI, preconception 
folic acid supplementation use, chronic administration of 
anti-oxidant supplementation, etc.). This field of research 

requires further research to draw clear conclusions and 
recommendations, which are currently lacking.38

The benefit of preimplantation genetic testing for aneu-
ploidy (PGT-A) in reducing miscarriage rates has been 
proven in several studies.39,40 Although there were no 
differences in the cumulative delivery rates, more research 
is needed concerning this technique.41

Chromosomal Abnormalities and Congenital 
Anomalies
As noted above, chromosomal abnormalities have an 
increased prevalence among fetuses of AMA women. 
Frederiksen et al found chromosomal abnormalities at 
a rate of 0.56%, 1.32%, and 3.83% in parturients between 
the ages of 20–34, AMA and VAMA, respectively 
(Pearson x2<0.001). Looking at congenital abnormalities, 
they found no significant difference between the three 
maternal groups.8 These findings are consistent with 
other studies.27

A Korean study, which evaluates the association 
between AMA and chromosomal abnormalities, found 
a close correlation between trisomy 18 and 21 and mater-
nal age. Above the age of 35, every increase in a year is 
associated with an increased risk of trisomy 18 and 21 by 
1.182 and 1.177 times, respectively. Concerning all aneu-
ploidies, above 35 years old, the odds ratio also increased 
by 1.160 times, with increasing age.42

Conflicting results concerning AMA and the risk of 
(Turner Syndrome) TS have been reported. Carothers 
et al observed no association between maternal age and 
45, X monosomics.43 On the other hand, in a large study 
on 88,965 second trimester amniocenteses, an increased 
incidence of 45, X/46, XX mosaic fetuses was seen in 
women ≥35 years of age.44 In a similar way, Hagman 
et al found higher rates of VAMA but not AMA among 
women who gave birth to neonates with TS (0.05% in 
VAMA women vs 0.03% in AMA and women aged <35 
years old, aOR 1.83, 95% CI 1.09–3.08).45

Fortunately, there are very effective screening tests to 
identify chromosomal abnormalities during pregnancy. 
Although there is no single agreed-upon guideline for 
optimal screening method, a detailed first-trimester ultra-
sound, along with the first trimester combined test or 
circulating free DNA (cfDNA) testing is highly 
recommended.46 While invasive diagnostic procedures in 
AMA women with normal screening tests may not be 
indicated, amniocentesis seems to be the preferred test, 
especially when funded by health authorities.47–49 Due to 
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the relatively high level of safety in amniocentesis with 
a miscarriage rate of 0.3% (95% CI 0.11–0.49%), AMA 
women who prefer diagnostic tests can be reassured about 
the procedure’s safety.50

An interesting retrospective study about the prevalence 
of congenital anomalies in AMA pregnancies with euploid 
fetuses found AMA to be a protective factor with regard to 
congenital anomalies (aOR 0.59, 95% CI 0.52–0.66). This 
phenomenon can be explained by the “all or none” theory, 
which assumes that at advanced oocyte age, anatomically 
normal fetuses have a higher survival rate.51

On the contrary, a review from 2020 on the pregnancy 
outcome at AMA reported an increased risk of two times 
for cardiac defects, esophageal atresia, and craniosynosto-
sis at VAMA women compared to the reference group of 
women 25–29 years old.14

Preterm Delivery
Waldenstrom et al, in a large retrospective study of more 
than 2*10^6 pregnancies, demonstrated that AMA and 
VAMA increased the risks of both spontaneous and medi-
cally indicated preterm birth, irrespective of parity: in very 
preterm birth (22–31 weeks of gestation) adjusted ORs in 
first, second, and third deliveries ranged from 1.59 to 1.70 
at 35–39 years, and from 1.97 to 2.40 at ≥40 years. In 
moderate preterm births (32–36 weeks of gestation), age- 
related associations were weaker but were statistically 
significant from 35 to 39 years in all parity groups.52

Similarly, a contemporary large retrospective study 
from Canada found pregnancy at a VAMA increased the 
risk of preterm labor by 1.2 (95% CI 1.06±1.36) as com-
pared to pregnancy at 30–34 years of age, even after 
adjusting for confounding variables. Beyond that, they 
found the distribution of preterm labor according to the 
age group to be a “U” shaped distribution; thus, not only is 
AMA a risk factor for preterm labor, but young maternal 
age is a risk factor as well.53

The mechanism which explains the association 
between maternal age and preterm birth is not entirely 
clear. There are several possible factors: placental pathol-
ogy, which may also contribute to the increased incidence 
of preeclampsia in AMA. This also constitutes an iatro-
genic factor of preterm induction of labor.54 Progesterone 
deficiency is another possible explanation. It is well estab-
lished that progesterone is important for maintaining a -
pregnancy.55 This is a possible mechanism since 
progesterone levels decline with increasing age.

Small for Gestational Age Infants and Growth 
Restriction
The relationship between SGA and maternal age is 
believed to be a positive dose-response relationship.

Kenny and her colleagues performed a population- 
based cohort study in the UK, and they demonstrated 
that AMA was not associated with increased risk of SGA 
after adjustment for significant cofactors.56 Similar find-
ings were also reported by Kozuki et al in a meta- 
analysis.57 On the contrary, Khalil et al reported a higher 
risk for SGA among women with VAMA (OR 1.46, 95% 
CI 1.27–1.69).18 In addition, Lean et al in a large recent 
systematic review and meta-analysis reported higher rates 
of SGA (birth weight below 10th percentile) infants 
among women with AMA (OR 1.16, 95% CI 1.06–1.27). 
This association was significant only among VAMA (OR, 
95% CI 1.20 (1.07–1.33)) and EAMA (OR, 95% CI 1.57 
(1.17–2.10)) but not among AMA women (OR 1.22, 95% 
CI 0.86–1.73). The authors also found an increased risk of 
fetal growth restriction (FGR), defined by the authors as 
birth weight below 5th percentile, with OR 1.23 (95% CI 
1.01–1.52) while among women above 40 years old the 
risk increases 1.53 fold (95% CI 1.07−2.20).58 Moreover, 
another systematic review of maternal and neonatal out-
comes in women with EAMA found that women in an 
EAMA had a 1.92 greater likelihood of an IUGR during 
pregnancy.34 Odibo et al also identified a positive dose- 
response relationship between advanced maternal age and 
increased risk of FGR.59 Although the exact mechanism of 
the association between advanced maternal age and SGA 
has not been demonstrated, it has been suggested that poor 
oxygen exchange may be the underlying factor.60

Intrauterine Fetal Death and Stillbirth
Intrauterine Fetal Death (IUFD) or stillbirth is defined as 
fetal death after 20 weeks of gestation. The association 
between AMA and stillbirth is not clear. Salihu et al, in 
a retrospective cohort study, demonstrated a two-fold 
increase in stillbirth (95% CI 1.7–2.4) in AMA and 3.4 
fold increase (95% CI 2.8–4.2) in VAMA, where women 
aged 20–24 years old were the referent category.61 

Likewise, a large meta-analysis of 44 studies, including 
44,723,207 births, of which 185,384 were stillborn, found 
an increased risk of IUFD at AMA (OR 1.75, 95% CI 
1.62–1.89). They hypothesized that the increased rate of 
stillbirth was related to placental aging, as a result of 
vascular dysfunction due to advanced age.58
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On the contrary, a large cohort study, of 369,516 sin-
gleton pregnancies in Denmark, compared the incidence of 
IUFD between AMA, VAMA, and a control group of 
women aged 20–34 years old. The risk of stillbirth was 
higher for AMA (0.35% vs 0.28%, aOR 1.43 [99.8% CI 
1.05–1.96]) but with no statistical significance in the 
VAMA group (0.43% vs 0.28%, OR 1.47 [99.8% CI 
0.76–2.84]).8

In conclusion, there is an increased risk for IUFD in 
AMA, but there seems to be a modest increase in inci-
dence, particularly in developed countries. Given that 
induction of labor at 39 weeks is considered a safe proce-
dure with a low rate of adverse outcomes, it is reasonable 
to offer induction of labor at term pregnancy to AMA 
women, to reduce the stillbirth rate.27,62

Apgar Scores and NICU Admissions
Most of the studies did not find low Apgar scores among 
women with AMA.

Yogev et al reported similar rates of low Apgar score (5 
min, <7) among the different age groups.63 In a cross- 
sectional study from Japan, the authors did not find 
a difference in low Apgar scores (5 min, <7) among 
women with AMA, VAMA, and EAMA (multivariate RR 
1.02, (0.97–1.07), 1.06 (0.98–1.15) and 1.03 (0.68–1.56), 
respectively).64 Similarly, Kahveci et al examined the 
impact of advanced maternal age on perinatal and neonatal 
outcomes of nulliparous singleton pregnancies in Turkey 
and found no significant differences regarding Apgar scores 
among women with AMA and VAMA. However, the 
admission to the NICU was more frequent in the AMA 
and VAMA groups; aOR1.68 (95% CI 1.42–2.15, P < 
0.01) and aOR 1.52 (95% CI, 1.21–1.92, P < 0.01) in the 
AMA and VAMA groups, respectively.60

Another systematic review of the maternal and neona-
tal outcomes of women with EAMA reported that women 
of EAMA had a 2.49 (1.37–4.54) risk of an abnormal 
5-minute Apgar score.34

Autism Spectrum Disorder
Both advanced maternal and paternal age are risk factors 
for autism in offspring.

A large meta-analysis, including 16 epidemiological 
papers with 5687 autism spectrum disorder (ASD) cases 
and 8,655,576 control subjects, was conducted. Almost all 
studies demonstrated a dose-response effect of maternal 
age on the risk of autism. The meta-regression suggested 

a stronger maternal age effect in studies with more male 
offspring and for children diagnosed in later years.65

Possible biological mechanisms include de novo aber-
ration and mutations, or epigenetic alterations associated 
with aging.

Conclusion and Recommendations
Pre-Conception Counseling
Women at an AMA should be encouraged to optimize their 
health when preparing for pregnancy; stop smoking and 
drinking alcohol, start physical activity, achieve normal 
body weight, take folic acid supplements and stabilize 
comorbidities.

Low-Dose Aspirin Prophylaxis
According to the criteria for risk factor preeclampsia of 
the United States Preventive Services Task Force 
(USPSTF) high-risk criteria, and endorsed by the 
American College of Obstetricians and Gynecologists 
(ACOG),66,67 AMA is considered a moderate risk factor. 
Thus, low-dose aspirin prophylaxis is recommended 
only when another moderate risk factor (nulliparity, 
obesity, family history of preeclampsia in mother or 
sister, African American race, low socioeconomic status, 
previous pregnancy with SGA infant, stillbirth or inter-
val >10 years between pregnancies) exists or in the 
presence of other high-risk factors.

Invasive Diagnostic Procedures
AMA itself should not be considered an indication for 
invasive diagnostic procedures. It is often funded by the 
health authorities. AMA women should be encouraged and 
counseled to perform the aneuploidy screening tests (pre-
ferably the cfDNA testing) along with a detailed ultra-
sound. AMA women should be informed of the relatively 
high safety of amniocentesis.

PGT-A
More research is needed regarding the benefit of PGT-A in 
reducing miscarriage rates.

Induction of Labor
Given the increased risk for stillbirth women of AMA, and 
particularly in VAMA, it is reasonable to offer them induc-
tion of labor or elective CD at 39 weeks gestation.68
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