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1  Executive summary 

The widespread use of assisted reproductive technology (ART) and the importance of the health outcomes 

of mothers and children render the evaluation of the obstetric, neonatal, maternal and child outcomes after 

ART exceptionally important. While it is well recognised that the main risk to infants and their mothers is 

multiple gestation pregnancy following the transfer of more than one embryo during ART treatment, 

conflicting evidence exists on the additional risk associated with ART treatment per se. This rapid review 

summarises currently available evidence, aiming to provide insight in regard to the following research 

questions: 

 

1. What is the evidence regarding the effect of ART on pregnancy outcomes and the maternal or 

treatment factors that may alter this effect? 

2. What is the evidence regarding the effect of ART on maternal outcomes and the maternal or 

treatment factors that may alter this effect? 

3. What is the evidence regarding the effect of ART on child outcomes and the maternal or treatment 

factors that may alter this effect? 

 

A major conclusion of this review is that published research does not currently allow for the estimation of 

the net effect of ART on the evaluated outcomes covered by the aforementioned research questions. The 

associations between the recipients of ART treatment and different outcome measures are usually 

confounded by multiple factors, such as advanced maternal age, obesity, parity and other biological 

characteristics associated with subfertility.  

 

Considering these limitations, the best available evidence suggests that the absolute risk of adverse health 

outcomes for mothers and babies following ART treatment is small. However, compared to spontaneously 

conceived pregnancies, ART pregnancies are at a higher risk for caesarean section, antepartum 

haemorrhage, placental abnormalities and preterm birth. Maternal mortality does seem to be similar during 

an ART pregnancy when compared with a non-ART pregnancy. The risk of thromboembolic disease is 

significantly increased in the first gestational trimester after ART. Despite having increased risk for being 

small for gestational age and having low birth weight, the long-term health outcomes of children born after 

ART in terms of neurodevelopment, cognitive function and physical growth appear to be comparable with 

spontaneously conceived children. However, a small increase in congenital abnormalities after ART 

compared to the general population appears to be present.  

 

The effect of maternal or treatment characteristics on these associations has rarely been evaluated in the 

literature. The use of frozen-thawed embryo transfer seems to be associated with improved perinatal 

outcomes compared to fresh IVF.  

 

In conclusion, currently available evidence indicates that a pregnancy after ART is often characterised by an 

increased risk of poorer health outcomes versus spontaneously conceived pregnancies both for the foetus 

and the mother. These findings, however, are confounded by multiple factors and hence it is not currently 

known whether this is an effect of ART or of the underlying biological profile of the subfertile population. 

More focused and properly designed research is required in order to obtain accurate estimates about the 

underlying associations.  
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2  Introduction 

Assisted reproductive technology (ART) involves the in-vitro manipulation of human gametes for 

fertilisation, the culture of the embryos and the transfer of the best embryo back to the uterus with the aim 

of achieving a pregnancy. Since the birth of the first IVF (in-vitro fertilization) baby in 1978
1
, around 5 million 

babies have been conceived with the use of IVF or intracytoplasmic sperm injection (ICSI).
2
 Currently, in 

many developed countries, ART births represent a significant proportion of births occurring annually. For 

example, in Australia, more than 70,000 ART cycles were performed in 2012, resulting in the delivery of more 

than 13,000 live-born babies, representing 4% of all births.
3
  

 

It has been suggested that pregnancies occurring after ART might be characterised by increased 

complications both for the mother and the foetus. Several publications have found that ART pregnancies are 

at a higher risk for a wide range of obstetric complications, such as early pregnancy loss
4
, antepartum 

haemorrhage, hypertensive disorders of the pregnancy, placental anomalies (placenta praevia or placental 

abruption) and preterm births. Furthermore, poorer neonatal (perinatal mortality and perinatal morbidity) 

and maternal health outcomes (maternal mortality and morbidity) have been suggested following ART 

treatment compared with spontaneously conceived pregnancies. Concerns have also been expressed 

regarding the long-term effects of ART treatment on children’s health. However, existing evidence is in 

many cases conflicting, and many of the available studies have not properly addressed the issue of 

underlying confounders.  

 

The main risk to infants and their mothers is multiple gestation pregnancy following the transfer of more 

than one embryo during ART treatment. Australia has been a world leader in single embryo transfer, with 

ART multiple birth rates of less than 6 per cent. However, this is still higher than the rate in the general 

population of 1–2 per cent.
5
 

 

Considering the widespread use of ART and the importance of the health outcomes of mothers and 

children, this rapid review provides insight into the important clinical questions regarding the obstetric, 

neonatal, maternal and child outcomes after ART by critically evaluating the best available published 

evidence. 
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3  Methods 

Research questions 

The research questions evaluated in this rapid review are: 

 

1. What is the evidence regarding the effect of ART on pregnancy outcomes and the maternal or 

treatment factors that may alter this effect? 

2. What is the evidence regarding the effect of ART on maternal outcomes and the maternal or treatment 

factors that may alter this effect? 

3. What is the evidence regarding the effect of ART on child outcomes and the maternal or treatment 

factors that may alter this effect? 

 

Eligibility of studies 

All comparative published studies that could provide data pertinent to the research questions posed in this 

rapid review were considered eligible regardless of their study design. Qualitative studies, including case 

reports or case series, were not included. Expert opinions were taken into consideration only in the absence 

of other evidence of higher quality (according to the NHMRC evidence hierarchy
6
) and when these opinions 

were issued by a panel of experts or as part of a consensus group or guidelines development team. Studies 

not published as full manuscripts in peer-reviewed journals were excluded because they could not be 

properly evaluated for their methodological quality. Moreover, this review focused on studies performed in 

health systems similar to Australia. Hence, studies originating from the Middle East, India, the African 

continent or South America were excluded in most cases unless they provided insight into a clinical question 

for which no other data were available. 

 

Identification of studies 

Sources 

The following electronic databases were searched for the identification of eligible studies that were 

published in the past 10 years (2004 – March 2015): PubMed, Embase, Cochrane Central Register of 

Controlled Trials (CENTRAL), Cochrane Database of Systematic Reviews, Scopus, Web of Science and 

CINAHL. Only studies published in English were included. 

Search strategy 

A combination of keywords (Table 1) was used to search the aforementioned electronic sources. These 

keywords were searched in the ‘Title’ field of each record. Relevant truncation characters or wildcards were 

used where available, depending on the electronic source. The publication date were restricted to 2004 – 

March 2015.  

Screening of studies 

The results from the search for each database were subsequently imported into a reference manager, 

creating a single combined database.  
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The titles of the retrieved studies were screened for potential studies that could provide information 

relevant to the question of interest. Subsequently, the abstracts of the studies were evaluated and for those 

that were considered potentially eligible, the full text was examined. Any disagreement during study 

selection was resolved by discussion among investigators. 

 

Overall, the best available evidence (using the NHMRC evidence hierarchy
6
) was sought to answer each 

research question. When a systematic review and meta-analysis on a specific question had already been 

published, its results were included in this review. Only studies not included/reviewed in that systematic 

review (more recent or studies not identified) were further considered for the current rapid review. 

 

Data extraction/tabulation of studies 

The following data were recorded from each of the eligible studies and organised in literature matrices in 

the appendix: citation data, study design, sample size, study findings, adjustment for confounders, quality of 

evidence, grade of evidence and summary of findings.  

 

Data extraction and tabulation were organised by research question/outcome. 

 

Outcomes and risk factors 

The outcomes assessed in this rapid review are reported in Table 2. In order to identify other factors, we 

separately assessed eligible studies for the evaluation of potential ‘risk factors’ that modify the probability of 

each outcome in ART pregnancies. The risk factors relate to both maternal characteristics and ART treatment 

characteristics. Risk factors associated with maternal characteristics included age, body mass index (BMI), 

parity, smoking etc. Risk factors associated with treatment included the type of embryo transferred (fresh 

versus frozen-thawed embryos), the stage of embryo development (cleavage stage versus blastocyst) and 

the type of fertilisation (IVF versus ICSI). A literature matrix has been constructed for each ‘outcome’, and 

where available data exists an accompanying literature matrix has been constructed for evaluating ‘risk 

factors’. 

 

Methodological considerations 

Isolating the effect of ART on specific obstetric, maternal and neonatal outcomes mandates that the 

populations compared differ only in whether they have used ART or not. Since ART users are primarily 

subfertile patients, the presence of subfertility might be independently associated with the evaluated 

outcome and confound its association with ART use. Moreover, specific subfertility indications might 

confound specific outcomes. For example, tubal disease might also be associated with a higher prevalence 

of sexually transmitted diseases, including HPV infections, and hence might confound the association 

between ART and preterm birth. Similarly, ovulation disorders and predominantly polycystic ovarian 

syndrome are associated with a high BMI and also with gestational diabetes mellitus (GDM). Hence, 

depending on the underlying composition of the subfertile population, different associations (valid or not) 

might surface, requiring careful consideration of inference of causation between ART treatment and health 

outcomes. 

 

Other potential general confounders include maternal age, BMI, parity, parental genetic and chromosomal 

anomalies, socio-economic level, multiplicity of pregnancy etc. Hence, it is evident that a fair comparison 

between ART users and non-ART users is essential in order for the true effect of ART use on outcomes to be 

revealed. This review reports results stratified or adjusted by these potential confounders where available. 
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4  Results 

Literature search and identification of eligible studies 

The electronic search identified 9973 publications. The removal of duplicate records produced a database of 

6416 unique publications. Following the screening of the titles, 1017 were considered potentially eligible for 

inclusion. Subsequently, the abstracts of these publications were read and 457 studies were retrieved for 

more detailed evaluation. Finally, after scrutiny of the full text, 336 studies (systematic reviews and original 

studies) were included in this rapid review (Figure 1). A detailed literature matrix of all studies is presented in 

the Appendix to this report. 

  

Outcomes 

1. What is the evidence regarding the effect of ART on pregnancy outcomes and the maternal or 

treatment factors that may alter this effect? 

1.1. Ectopic pregnancy 

1.1.1. Is the incidence different between ART and naturally conceived pregnancies? 

Whether the incidence of ectopic pregnancy after ART is higher or lower when compared with 

spontaneously conceived cycles in subfertile patients has been evaluated in one recently published study 

originating from Australia.
7
 Among 1376 patients, 22 reported an ectopic pregnancy. No significant 

difference was detected in the incidence of ectopic pregnancy among subfertile patients (unsuccessful in 

conceiving for more than 12 months) who achieved a pregnancy after IVF, ovulation induction (ΟΙ) or 

spontaneously (IVF 1.6% vs. OI 0.8% vs. spontaneous 1.9%) even after controlling for age, area of residence 

and BMI (Table 3a).  

 

The remaining identified studies have calculated the overall incidence of ectopic pregnancy in an ART 

population, and in some cases an indirect comparison is performed with the overall known incidence of 

ectopic pregnancy in the general population.
8,9

 However, since the populations compared have significantly 

different risk factors for ectopic pregnancy (tubal pathology, multiple transferred embryos etc), the effect of 

ART cannot be identified. Hence, although it has been reported that the incidence of ectopic pregnancy 

rates in pregnancies after IVF ranges from 2–11%, whether this incidence would be different if these patients 

had conceived spontaneously is not known.  

 

1.1.2. Risk factors for ectopic pregnancy in ART pregnancies 

Several studies published in the past 10 years have been identified addressing this issue (Table 3b). Based 

on these studies, increased female age, ≥ 2 prior ART cycles, tubal factor infertility and transfer of multiple 

embryos are associated with an increased chance of ectopic pregnancy in fresh, non-donor IVF cycles, 

whereas a history of prior live births and male factor infertility are associated with a reduced chance of 

ectopic pregnancy. 

 

The most recent relevant meta-analysis
10

 did not detect a significant difference in the probability of an 

ectopic pregnancy between frozen-thawed embryo transfer (FET) and fresh IVF cycles. However, subsequent 

large studies
8,11

 that have adjusted for important confounders have challenged this finding by supporting a 

decreased probability of an ectopic pregnancy after a FET compared to a fresh, non-donor cycle. Hence, it is 



 

 
 

11 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE 

not currently known whether a FET cycle is associated with a decreased or similar chance of ectopic 

pregnancy to a fresh IVF cycle.  

 

1.2. Pregnancy loss  

1.2.1. Is the incidence different between ART and naturally conceived pregnancies? 

Whether ART is associated with increased pregnancy loss after controlling for maternal age has been 

evaluated in one study published in 2004
12

, where 1945 conceptions following ART were compared with 549 

natural pregnancies and 4265 pregnancies after spontaneous conception from another cohort (Table 4a). 

Based on the findings of this study, a small increase in the risk of spontaneous abortion (~ 30% increase in 

the relative risk) was observed after adjusting for maternal age between women conceiving using ART when 

compared with those in the two cohorts of spontaneous conception. A more recent prospective study 

evaluated the association of pregnancy loss with mode of conception (ART or spontaneous) in 1611 

singleton pregnancies while controlling for maternal age, maternal education, obstetric history, 

hypertension and diabetes prior to pregnancy, BMI prior to pregnancy and smoking during pregnancy.
13

 In 

this study, no association was identified between the mode of conception and pregnancy loss (Table 4a). 

Thus, identified evidence is inconclusive regarding whether the incidence of pregnancy loss in ART 

pregnancies is higher than in naturally conceived pregnancies. 

 

However, in none of the identified studies was a comparison performed while controlling for other potential 

confounders such as subfertility, type of subfertility and history of recurrent miscarriage. Hence, whether any 

observed effect can be attributed to the ART procedure itself or is due to other underlying confounders is 

uncertain.  

 

1.2.2. Risk factors for pregnancy loss in ART pregnancies 

Various identified studies
4,12,14–20

 examined differences in the risk of pregnancy loss between different 

cohorts of pregnancies (Table 4b). Increasing maternal age
4,12,16

 and increasing BMI
20

 seem to be associated 

with an increased risk for pregnancy loss in ART pregnancies. Furthermore, having a history of ≥ 3 previous 

spontaneous abortions is associated with an increased probability of pregnancy loss compared to having no 

prior spontaneous abortions
12

 (adjusted odds ratio 2.09). The type of infertility
12

, the type of fertilisation (IVF 

vs. ICSI)
18,19

, the use of in-vitro maturation (IVM)
18

 and the oestradiol (E2) levels on the day of human 

chorionic gonadotropin (hCG)
12

 are not associated with the probability of miscarriage in women conceiving 

after ART. Conflicting and inconclusive evidence is present in the literature regarding the effect of a fresh or 

frozen-thawed embryo transfer on the probability of miscarriage. This is because there are studies 

supporting no difference between fresh and FET cycles
17

, others that identify a higher risk of first trimester 

pregnancy loss with the use of fresh embryo transfer when compared with FET
15

, and other studies 

identifying a small, yet significant, increase of miscarriage after FET compared to fresh.
14

  

 

1.3. Antepartum haemorrhage 

1.3.1. Is the incidence of antepartum haemorrhage different between ART and naturally conceived 

pregnancies? 

Antepartum haemorrhage (APH) is an important obstetric complication and, depending on the underlying 

cause, is associated with maternal and neonatal morbidity. Various studies
13,21–24

 have assessed whether its 

incidence is increased in ART pregnancies compared to spontaneously conceived pregnancies (Table 5a). A 

systematic review and meta-analysis published in 2012 showed that in singleton pregnancies, ART is 
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associated with a twofold higher risk of APH compared to spontaneous conceptions.
23

 For twin pregnancies, 

such an effect has not been demonstrated.
24

  

 

1.3.2. Risk factors for antepartum haemorrhage in ART pregnancies 

A systematic review and meta-analysis evaluated whether the type of ART cycle (FET vs. fresh IVF) is 

associated with the probability of APH in singleton pregnancies after ART
25

 (Table 5b). Based on the results 

of this meta-analysis, a FET cycle is associated with a decreased chance of APH compared to a fresh IVF 

cycle. A retrospective study which focused on the issue of obstetric haemorrhage
26

 also identified female 

fertility, tubal disease, luteal phase support and higher ovarian response as potential risk factors for APH.  

 

1.4. Hypertensive disorders of the pregnancy 

1.4.1. Is the incidence different between ART and naturally conceived pregnancies? 

Hypertensive disorders of the pregnancy include pregnancy gestational hypertension (or ‘pregnancy 

induced hypertension’ as defined in many of the included studies), pre-eclampsia and eclampsia, and are 

considered important causes of maternal and neonatal morbidity. Based on the identified evidence
13,21–23,27–

36
 (Table 6a), a pregnancy after ART is associated with an increased risk of gestational hypertension and pre-

eclampsia compared to spontaneous conceptions (the magnitude of the effect varied depending on the 

population evaluated and the design of the study – Table 6a). It should be noted that a small study 

comparing the incidence of pre-eclampsia between women achieving pregnancy after ART and women 

achieving pregnancy with a time to pregnancy ≥ 2 years did not suggest a different risk.
35

 Hence, it is 

uncertain whether the increased risk of hypertensive disorders in ART pregnancies can be partly attributed 

to subfertility or is associated with the use of ART. 

 

1.4.2. Risk factors for hypertensive disorders of pregnancy in ART pregnancies 

Potential risk factors for hypertensive disorders of pregnancy after ART have been examined by various 

studies
14,32,34,37–40

 (Table 6b). Based on this evidence, maternal age and BMI are positively associated with the 

probability of gestational hypertension, while the developmental stage of the embryo at transfer and the 

gender of the foetus are not. Nullparity and FET seem to be associated with an increased risk for pre-

eclampsia, while the developmental stage of the embryo at transfer is not associated with the probability of 

pre-eclampsia. 

 

1.5. Placental abnormalities (morbidly adherent placenta, placenta praevia, placental abruption) 

1.5.1. Is the incidence different between ART and naturally conceived pregnancies? 

Based on the relevant studies identified in this review
26,27,32–35,41–55

 (Table 7a), the risk of placenta praevia 

seems to be increased in multiple (x1.5) and singleton pregnancies (x2–x4 times) after ART compared to 

spontaneously conceived pregnancies. Furthermore, a small increase in the probability of placental 

abruption seems to be present in singleton ART pregnancies, while such an effect was not demonstrated for 

twin ART pregnancies. Limited evidence suggest that an increase in the risk of placenta accreta might also 

be present in ART pregnancies compared to naturally conceived ones.  

 

1.5.2. Risk factors for placental abnormalities in ART pregnancies 

Neither the type of fertilisation (IVF or ICSI) nor the developmental stage of the embryo at embryo transfer 

is associated with the probability of placental abnormalities in ART pregnancies (Table 7b). Other potential 
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risk factors for placenta praevia identified in the relevant studies
14,26,37,45,56–59

 are increasing maternal age, 

increasing endometrial thickness, smoking and endometriosis.   

 

1.6. Gestational diabetes mellitus (GDM)  

1.6.1. Is the incidence different between ART and naturally conceived pregnancies? 

Two systematic reviews and meta-analyses
23,27

 (Table 8a) show that in both twin pregnancies (relative risk 

(RR) 1.78) and singleton (RR 1.53) ART pregnancies the risk of GDM is higher compared to spontaneously 

conceived pregnancies. While not unanimous, most of the identified studies
13,21,22,28,30,32,34,35,60

 seem to 

confirm this finding.  

  

1.6.2. Risk factors for GDM in ART pregnancies 

A large population-based cohort study from Australia
60

 identified that the younger the maternal age, the 

higher the probability of GDM in ART pregnancies compared to spontaneously conceived ones (Table 8b). 

Furthermore, in another study from Sweden, the risk of GDM was not different in pregnancies after FET 

compared to pregnancies after a fresh IVF cycle.
34

 

 

1.7. Preterm premature rupture of membranes (PPROM)   

1.7.1. Is the incidence different between ART and naturally conceived pregnancies? 

Two systematic reviews and meta-analyses (Table 9a) show that the probability of PPROM is significantly 

increased after ART compared to spontaneous conceptions both in singleton (RR 1.57)
23

 and multiple 

pregnancies (RR 1.20).
27

 

 

1.7.2. Risk factors for PPROM in ART pregnancies 

Limited evidence suggests that the incidence of PPROM might be higher after IVF compared to ICSI
61

 and 

after FET compared to fresh IVF
34

 (Table 9b).  

 

1.8. Preterm birth  

1.8.1. Is the incidence different between ART and naturally conceived pregnancies? 

The incidence of preterm birth has been evaluated in multiple studies
27,28,30,32,62–65

 (Table 10a). A systematic 

review and meta-analysis evaluating preterm birth in singleton ART pregnancies found evidence of 

increased chance of preterm birth in singleton ART pregnancies when compared with fertile women (RR 

1.35) and also when compared with subfertile women (RR 1.55) who conceived spontaneously.
65

 Another 

meta-analysis has also supported an increase in preterm birth risk in multiple pregnancies after ART (RR 

1.08).
27

 

 

1.8.2 Risk factors for preterm birth in ART pregnancies 

Current evidence suggests that the transfer of a frozen-thawed embryo is associated with a lower risk (RR ~ 

0.80-0.90) of preterm birth compared to fresh embryo transfer.
62,65,66

 Limited evidence shows that 

pregnancies after ICSI have a lower probability of preterm birth than pregnancies after IVF (RR 0.80). 

Maternal age seems to be positively associated with the risk for preterm birth. In singleton ART pregnancies, 

blastocyst transfer is associated with a higher risk of preterm birth than cleavage stage transfer (RR 1.27).
37

 

Singletons from pregnancies with a vanishing co-twin have increased risk of preterm birth when compared 

with singletons from only a single gestation (Table 10b). 
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1.9. Small for gestational age (SGA) 

1.9.1. Is the incidence different between ART and naturally conceived pregnancies? 

Based on the evidence evaluated in this review
13,23,27,28,32,35,63,64

 (Table 11a), the risk of a SGA infant does not 

seem to increase in multiple pregnancies after ART when compared with spontaneously conceived multiple 

pregnancies. For singleton pregnancies, the most current systematic review shows that after ART, the risk of 

SGA is increased by a factor of 1.4–1.5 compared to spontaneously conceived pregnancies. More recent 

individual studies either confirm
64

 or contradict
28,63

 this finding. 

 

1.9.2. Risk factors for SGA in ART pregnancies 

The published evidence evaluating risk factors for SGA after ART have been evaluated and summarised in 

two systematic reviews (Table 11b). Based on the findings of these reviews, the transfer of a blastocyst is 

associated with a reduced chance of SGA compared to the transfer of a cleavage stage embryo (RR 0.82).
37

 

Moreover, a pregnancy after a FET cycle had a lower probability of SGA than a pregnancy after a fresh 

embryo transfer (RR 0.45).
25

 

 

1.10. Induction of labour 

1.10.1. Is the incidence different between ART and naturally conceived pregnancies? 

One systematic review evaluating this research question provided evidence that induction of labour is more 

frequent in singleton pregnancies after ART compared to spontaneously conceived singleton pregnancies 

(RR 1.19) (Table 12). 

 

1.10.2. Risk factors for induction of labour in ART pregnancies 

No studies evaluating potential risk factors for induction of labour in ART pregnancies were identified.  

 

1.11. Caesarean section 

1.11.1. Is caesarean section more frequently used in ART than in naturally conceived pregnancies? 

Multiple studies
13,21–24,34,35,41,67–69

 have assessed whether caesarean section is more frequently used as a 

method of delivery in women after ART (Table 13a). Based on these studies, the probability of a caesarean 

section in a pregnancy conceived through ART is significantly higher (x1.2–1.5) than in pregnancies after 

spontaneous conceptions. This risk applies in both singleton
23

 and twin pregnancies.
24,67,69

 

 

1.11.2. Risk factors for caesarean section in ART pregnancies 

Singleton pregnancies that have occurred after a FET are more likely to be delivered by caesarean section 

compared to singleton pregnancies after fresh embryo transfer (RR 1.10)
25

 (Table 13b). Furthermore, a large 

population-based study from Australia demonstrated that increasing maternal age is associated with higher 

odds of caesarean section in ART singleton pregnancies compared to spontaneously conceived singleton 

pregnancies.
70

 

 

1.12. Postpartum haemorrhage (PPH) 

1.12.1. Is the incidence of PPH different between ART and naturally conceived pregnancies? 

The identified studies
26,27,41,42,71–73

 seem to support a small increase in the risk of postpartum haemorrhage 

after an ART pregnancy compared to a spontaneously conceived pregnancy. The observed difference might 
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be partially explained by the fact that in ART pregnancies there is a higher prevalence of caesarean section 

and women with fewer previous pregnancies
26

 (Table 14a). 

 

1.12.2. Risk factors for PPH in ART pregnancies 

The probability of PPH does not seem to be dependent on the developmental stage of the embryo at 

transfer
38

 (Table 14b). 
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2. What is the evidence regarding the effect of IVF on neonatal and child outcomes and the maternal 

or treatment factors that may alter this effect? 

2.1. Low birth weight (LBW) 

2.1.1. Is the incidence of LBW in ART pregnancies different than in naturally conceived pregnancies? 

The incidence of LBW and very LBW (vLBW) in ART has been evaluated in various studies, which have been 

critically appraised and summarised in recently published systematic reviews and meta-analyses
23,27,65

 (Table 

15a). Based on the findings of these systematic reviews, the probability of LBW (RR 1.65) and vLBW (RR 1.93) 

is significantly increased in ART pregnancies compared to naturally conceived pregnancies. The difference is 

most marked for singleton infants born following ART. 

 

2.1.2. Risk factors for LBW in ART pregnancies 

Various potential risk factors for LBW have been evaluated in the literature (Table 15b). There is substantial 

evidence that FET is associated with a decreased probability of LBW compared to a fresh embryo transfer 

(RR 0.69).
25

 Furthermore, there is some evidence to suggest that the risk of LBW is slightly higher when a 

blastocyst is transferred as opposed to the transfer of a cleavage stage embryo (RR 1.08).
37

 One small case-

control study has also suggested that singleton pregnancies after a vanishing co-twin have a higher risk for 

LBW compared to pregnancies originating from a single gestation.
74

 Finally, available evidence does not 

currently seem to support an association between the type of culture medium and the probability of LBW.
75

 

 

2.2. Perinatal mortality 

2.2.1. Is there any difference in the incidence of perinatal mortality in pregnancies after ART when 

compared with pregnancies naturally conceived?   

Available systematic reviews and meta-analyses estimate that perinatal mortality rates in singleton ART 

pregnancies are higher by a factor of 1.5–2.5 when compared with naturally conceived singleton 

pregnancies
23,65

 (Table 16a). In contrast, regarding perinatal mortality in multiple pregnancies, the most 

recent systematic review and meta-analyses on the topic have failed to detect a difference between ART and 

non-ART pregnancies.
27

   

 

2.2.2 Risk factors of perinatal mortality in ART pregnancies 

A recent systematic review suggests that fewer perinatal deaths seem to occur after frozen-thawed embryo 

transfer than with fresh embryo transfer (RR 0.68)
25

 (Table 16b). However, the developmental stage of 

embryo at transfer (blastocyst vs. cleavage stage) does not seem to be associated with perinatal mortality.
37

 

 

2.3. NICU admission 

2.3.1. Is there any difference in the incidence of NICU admission in deliveries after an ART pregnancy 

when compared with deliveries after spontaneous conception? 

The current best available evidence shows that NICU admission is more common in ART singleton 

pregnancies than in non-ART pregnancies (RR 1.58)
23

 (Table 17a). In multiple pregnancies, this effect seems 

to be less pronounced.
76

 

 

2.3.2. Risk factors of NICU admission following ART pregnancies 

The probability of NICU admission does not seem to be dependent on the type of ART, i.e. fresh or frozen-

thawed embryo transfer.
25
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2.4. Neurodevelopmental outcomes 

2.4.1. Are neurodevelopmental outcomes different between ART and naturally conceived pregnancies? 

A recently published systematic review of 87 studies evaluated the available evidence regarding cerebral 

palsy and concluded that there appears to be a higher risk of cerebral palsy in children after ART compared 

to spontaneously conceived children. However, this association is confounded by the difference in 

multiplicity and most importantly in prematurity and LBW.
77

 Cognitive function and neurological 

development of children after ART have been shown to be comparable to children from spontaneously 

conceived pregnancies, especially if the differences in the educational and socio-economic level of parents 

are controlled for. Neuromotor development has also been suggested to be comparable with naturally 

conceived children, although there is some evidence indicating that increased time to pregnancy might be 

associated with a slight delay in some developmental milestones.
77

 

 

2.5. Autism and attention deficit disorder 

2.5.1. Is autism or attention deficit disorder more common in children born after ART compared to those 

born after naturally conceived pregnancies? 

A recently published systematic review evaluated the available evidence regarding autism and concluded 

that currently available evidence does not substantiate an association between ART and the incidence of 

autism. The studies examining the association between ART and attention deficit disorders seem to suggest 

that an association with ART is unlikely.
77

  

 

2.5.2. Risk factors for autism or attention deficit disorder in ART pregnancies 

In the aforementioned systematic review, the authors conclude that older maternal age, primiparity, 

smoking and preterm birth are associated with the incidence of autism. On the other hand, attention deficit 

disorder seems to be more frequent in children of women of younger age who are smokers, have a high 

BMI, are affected by pre-eclampsia, deliver by caesarean section and have a preterm delivery with a LBW 

infant.
77

   

 

2.6. Physical growth and pubertal timing 

2.6.1. Is the physical growth of children born after ART different than those born after naturally 

conceived pregnancies? 

Several studies have evaluated long-term growth in ART children and have subsequently been summarised 

in a recent systematic review.
78

 Most of the available evidence shows that children born after ART have a 

similar long-term growth development as spontaneously conceived children. Moreover, pubertal onset in 

ART children seems to be similar to naturally conceived children. 

 

2.6.2. Risk factors for physical growth and pubertal timing 

No studies evaluating potential risk factors were identified in this review.  

 

2.7. Metabolic-cardiovascular parameters 

2.7.1. Are the metabolic and/or cardiovascular parameters of children born after ART different than those 

born after naturally conceived pregnancies? 

Studies evaluating metabolic parameters of ART children have suggested that in late childhood, more 

peripheral body deposits are present compared to naturally conceived children.
78

 Children with rapid weight 



 
 

MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE 18 

gain in early childhood also had a higher chance of developing higher blood pressure. Overall, the literature 

suggests that ART children might be at an increased risk of an unfavourable fat distribution and also of 

higher blood pressure readings during adolescence. 

 

2.7.2. Risk factors for metabolic-cardiovascular parameters 

No studies evaluating potential risk factors were identified in this review.  

 

2.8. Other childhood morbidity 

2.8.1. Is childhood morbidity different in children born after ART than in those born after naturally 

conceived pregnancies? 

A critical evaluation of the literature suggests that when important confounders have been adequately 

controlled for, no difference in the incidence of asthma or atopy and allergy seems to be present between 

ART children and their spontaneously conceived peers.
78

 However, based on limited data, ART children 

appear to have a susceptibility to thyroid gland disorders (i.e. subclinical hypothyroidism). A small number 

of studies assessing hearing and visual acuity in children after ART have not demonstrated a difference with 

spontaneously conceived children.
78

 

 

2.8.2. Risk factors for other childhood morbidity in children born after ART  

No studies evaluating potential risk factors were identified in this review.  

 

2.9. Cancer 

2.9.1. Is the incidence of cancer different in children born after ART compared to those born after 

naturally conceived pregnancies? 

Some early reports have associated the use of ART with a higher chance of certain types of childhood cancer 

in the offspring, such as retinoblastoma and haematological malignancies. These data have been 

summarised in a recent systematic review, where it has been shown that the overall available data suggest 

that an association between ART use and childhood cancer is not present.
78

  

 

 2.9.2. Risk factors for cancer in children born after ART  

Specific studies evaluating risk factors for cancer in children born after ART are not available. However, it has 

been shown that preterm birth, macrosomia and a low Apgar score are significantly associated with the risk 

of cancer.
78

  

 

2.10. Birth defects/congenital abnormalities 

2.10.1. Is the incidence of birth defects/congenital abnormalities in children born after ART different than 

in those born after naturally conceived pregnancies? 

A higher risk of congenital abnormalities in ART children has been identified in several studies and is also 

the finding of recently published systematic reviews and meta-analyses.
78–80

. It appears that there is a 

relative increase of 30% in the risk of congenital abnormalities after ART when compared with natural 

conception. A particular risk of imprinting disorders has been reported in a number of studies. A recent 

registry-based study from South Australia shed light on the potential underlying mechanisms of this effect. 

In that study, it was shown that a history of infertility is also associated with an increase in the risk for birth 

defects even after spontaneous conception. Furthermore, after controlling for paternal factors, the 
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association between IVF and congenital abnormalities was not present. On the other hand, the risk of birth 

defects after ICSI was still higher than spontaneous conception even after controlling for potential 

confounders
81

 (Table 18).  

 

2.10.2. Risk factors for birth defects/congenital abnormalities in children born after ART  

The most important risk factor for the occurrence of congenital abnormalities after ART appears to be the 

use of ICSI. This finding might very well reflect an underlying genetic condition associated with both male 

infertility (which requires ICSI treatment) and also the development of certain congenital abnormalities.
79,81
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3. What is the evidence regarding the effect of ART on maternal outcomes and the maternal or 

treatment factors that may alter this effect? 

3.1. Thromboembolic disease 

3.1.1. Is the incidence of thromboembolic disease different in ART pregnancies compared to naturally 

conceived pregnancies? 

The incidence of thromboembolic disease (including pulmonary embolism) seems to be significantly 

increased in IVF pregnancies compared to pregnancies after a spontaneous conception.
52,82–84

 This risk 

seems to be especially pronounced (~ sevenfold) during the first trimester after IVF (Table 19). The 

supraphysiological oestrogen levels after ovarian stimulation, ovarian hyperstimulation syndrome, relative 

immobility and pelvic haemorrhage after the oocyte retrieval are factors that seem to contribute to this 

increased risk of thromboembolic phenomena.  

 

3.1.2. Risk factors for thromboembolic disease in pregnancies after ART  

No studies evaluating risk factors for thromboembolic disease were identified.  

 

3.2. Maternal mortality 

3.2.1. Is maternal mortality different in ART pregnancies compared to naturally conceived pregnancies? 

Maternal death, either as a consequence of ART treatment or during pregnancy after ART, is a rare event. 

Three studies were identified offering comparative data regarding maternal mortality after ART.
41,73,85

 Based 

on this limited evidence, it appears that maternal mortality during an ART pregnancy does not seem to be 

different to maternal mortality during spontaneously conceived pregnancy (Table 20).  

 

3.2.2. Risk factors for maternal mortality in pregnancies after ART  

No studies evaluating risk factors for maternal mortality were identified.  

 

3.3. Maternal hospitalisation 

3.3.1. Is the incidence of hospital admission different in ART pregnancies compared to naturally 

conceived pregnancies? 

Maternal hospitalisation was evaluated in only two retrospective cohort studies
58,86

 (Table 21). The 

probability of hospitalisation during pregnancy, the two days prior to delivery and the first seven days after 

delivery was significantly increased in ART pregnancies compared to naturally conceived pregnancies.  

 

3.3.2. Risk factors of maternal hospitalisation in pregnancies after ART 

In singleton IVF pregnancies, the number of embryos transferred (SET vs. DET) does not seem to be 

associated with the risk of maternal hospitalisation.
58

  

 

3.4. Maternal ICU admission 

3.4.1. Is the incidence of ICU admission different in ART pregnancies compared to naturally conceived 

pregnancies? 

Only one study was identified that evaluated the probability of ICU admission during an ART pregnancy or 

after delivery.
41

 Based on the findings of this study, a difference in ICU admission rate between ART 

pregnancies and spontaneously conceived pregnancies does not seem to be present (Table 22). 
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3.4.2. Risk factors of ICU admission in pregnancies after ART  

No studies evaluating risk factors for ICU admission were identified. 

 

3.5. Postpartum depression 

3.5.1. Is the incidence of postpartum depression different in ART pregnancies compared to naturally 

conceived pregnancies? 

The studies evaluating the association between the incidence of postpartum depression and ART have not 

demonstrated an increased risk of postpartum depression after ART compared to spontaneously conceived 

pregnancies
87–89

 (Table 23a). 

 

3.5.2. Risk factors of postpartum depression in pregnancies after ART  

Older age or parity is not associated with postpartum depression after ART (Table 23b).
90

 

 

3.6. Long-term maternal morbidity 

3.6.1. Is long-term maternal morbidity different in women that have an ART pregnancy compared to 

those who have a naturally conceived pregnancy? 

A recent retrospective study evaluated long-term maternal morbidity in women after ART pregnancy and 

compared it with that of women after spontaneously conceived pregnancies
91

 (Table 24). During a mean 

follow-up time of 8.5 years, women after ART pregnancies had a higher incidence of hypertension compared 

to women after delivery of pregnancy occurring after natural conception (hazard ratio 1.27). The incidence 

of diabetes, stroke and coronary heart disease were not significantly different between the groups 

compared.  

 

3.6.2. Risk factors for long-term maternal morbidity in pregnancies after ART  

No studies evaluating risk factors for long-term maternal morbidity were identified. 
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5  Summary 

Summary of the main findings 

This review summarises the best available evidence regarding a wide spectrum of obstetric, perinatal and 

maternal outcomes after ART, while at the same time attempting to identify potential risk factors that might 

modify the risk of these complications. Based on the findings of this review, pregnancies after ART are 

characterised in many cases by a higher incidence of complications. More specifically, antepartum 

haemorrhage, hypertensive disorders of pregnancy and placental abnormalities (placenta praevia, placenta 

accreta and placental abruption), gestational diabetes mellitus, preterm premature rupture of membranes, 

preterm birth and small for gestational age seem to occur more frequently in ART pregnancies than in non-

ART pregnancies. Moreover, women who have become pregnant by ART have a higher chance of induction 

of labour, a significantly increased risk of caesarean section and a small increase in the incidence of 

postpartum haemorrhage.  

 

In terms of perinatal and neonatal outcomes, there seems to be an increased probability of low birth weight 

and very low birth weight in ART pregnancies (singletons and multiples). Perinatal mortality in ART 

singletons has been shown to be increased compared to non-ART singletons. This effect in perinatal 

mortality does not seem to be present in multiple pregnancies after ART. Perinatal morbidity, as expressed 

by NICU admission rate, is also higher in singleton pregnancies after ART than in singleton pregnancies after 

natural conception.   

 

Considering neurodevelopmental outcomes, cerebral palsy appears to be increased in ART pregnancies, but 

this might be confounded by multiplicity and prematurity. Other neurodevelopmental outcomes and indices 

of cognitive function or school performance in ART children seem to be on par with their naturally 

conceived peers. The occurrence of autism or attention deficit disorder in children after ART appears similar 

to that in children after spontaneous conception. Similarly, long-term physical growth and pubertal onset 

appear to be comparable with the general population. However, an unfavourable fat deposition and a 

tendency for higher blood pressure in ART children has also been shown in some studies. Childhood cancer 

does not seem to be increased in ART children. The incidence of congenital abnormalities has been 

consistently shown to be slightly increased in ART compared to non-ART children, and more specifically in 

ICSI children.  

 

Finally, mothers who become pregnant by ART are at an increased risk of thromboembolic disease during 

the first trimester of their pregnancy where factors like hyperoestrogenaemia, oocyte retrieval, ovarian 

hyperstimulation syndrome and reduced mobility seem to play a role. Maternal death as a result of the ART 

procedure or the resulting pregnancy is a quite rare event. The limited available evidence suggests that 

maternal mortality during an ART pregnancy is similar to maternal mortality in spontaneously conceived 

pregnancies. Maternal hospitalisation might be increased in ART pregnancies, but ICU admission does not 

seem to be different to naturally conceived pregnancies. The incidence of postpartum depression is similar 

between ART and non-ART pregnancies. The only long-term effect that has been identified in women after 

an ART pregnancy is a higher incidence of hypertension.  
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Interpretation of evidence 

A proper interpretation of the evidence presented within this review requires an analysis of the underlying 

complex associations between the different variables that might affect the magnitude or even the direction 

of a certain effect. As discussed earlier in this review, isolating the ‘effect of ART’ requires a comparison 

between two populations that differ only in the ‘use of ART’. Essentially, even if we assume that these two 

populations are similar to all other known confounders, comparing a subfertile population using ART with a 

fertile population not requiring ART will not identify the effect of ART, but a composite effect of IVF and 

infertility. Hence, it is almost impossible to differentiate the effect of ART from the effect of subfertility. Only 

very few studies have tried to overcome this limitation by comparing a subfertile population conceiving 

spontaneously or after ovulation induction or intrauterine insemination with a subfertile population having 

undergone ART. Interestingly, in these studies, the significant effect of subfertility on some of the observed 

associations is clearly depicted.  

 

However, even such a comparison is far from perfect because the two subfertile populations might be quite 

different in terms of prognosis and underlying indications (couples with severe male factor or tubal 

disease/bilateral tubal blockage are unlikely to be represented in the subfertile population that eventually 

achieved a spontaneous conception). These differences in various potential confounders should be taken 

into consideration when interpreting the findings of the individual studies. Based on these limitations of the 

available observational research, the grading of the quality of evidence ranged for most studies from ‘very 

low’ to ‘low’. A ‘high’ grade was appointed mostly to systematic reviews and meta-analyses with minimal 

heterogeneity and large sample sizes from studies in which adjustment for some confounders had been 

performed.  

 

Another important aspect of this review is the identification of risk factors. Generally, it should by 

hypothesised that, once a pregnancy has been achieved, the various risk factors should have an effect on 

the pregnancy similar to the one that has been observed in spontaneously conceived pregnancies (null 

hypothesis). For example, in spontaneously conceived pregnancies, it has been shown that the risk of 

pregnancy loss is positively associated with maternal age, or that a BMI higher than 30 is associated with 

significant obstetric and maternal complications. Whether this association is ‘moderated’ in ART pregnancies 

should be ideally assessed through complex stratification or advanced statistical modelling. This has rarely 

been performed in the studies included in this review, and hence in most cases potential risk factors have 

been identified through much simpler and, in some cases, less robust methods. 

 

Implications for clinical practice 

Although the evidence presented in this review might not necessarily identify the net ‘effect of IVF’ on the 

outcomes assessed, it provides a general overview of the associations and the risks for this particular 

population. Hence, from the clinical standpoint, health workers can utilise this review in order to counsel 

subfertile patients about the expected risks and potential outcomes of a pregnancy after IVF. At the same 

time, this knowledge can be used to re-evaluate policies and clinical practice guidelines in order to optimise 

the management of these patients and minimise adverse outcomes.   

 

Gaps in knowledge – implications for future research 

Despite the great importance of these research questions and the abundance of relevant publications, it is 

evident that high quality research on this topic is currently limited. Studies that use national ART registry 

data offer the advantage of large sample sizes; however they are retrospective and limited in the number of 
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variables (potential confounders) they include, since they usually have not been designed for research 

purposes. Well-designed prospective, longitudinal studies which are focused on the most important clinical 

questions (such as hypertensive disorders of pregnancy, preterm birth, perinatal morbidity and mortality, as 

well as short- and long-term health outcomes of children after ART) are warranted in order to produce high 

quality data regarding specific research questions.  

 

Furthermore, properly assessing risk factors associated with outcomes in ART pregnancies is of paramount 

importance, since it will allow for the prognostic classification of these patients and the identification of 

‘high risk’ cases that might require specialised treatment. Whenever designing a study regarding these 

questions, variables like maternal age, BMI, obstetric history, lifestyle factors (e.g. smoking, alcohol, exercise) 

and the underlying infertility diagnosis are important potential effect modifiers that should also be properly 

assessed.  
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6  Conclusion 

In conclusion, this rapid review summarises the available evidence regarding the obstetric, neonatal, child 

and maternal outcomes for pregnancies after ART. Based on the currently available evidence, the absolute 

risk of adverse maternal and infant health outcomes following ART treatment is small. However, there exists 

a small increase in the risk of poorer pregnancy, and maternal and infant outcomes following ART treatment 

compared to spontaneously conceived pregnancies. Moreover, these findings are confounded by multiple 

variables, and hence it is not currently known whether this is an effect of ART, or of the underlying biological 

profile of the subfertile population. More focused and properly designed research is required in order to 

obtain accurate estimates about the underlying associations. 
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8 Appendices 

Figure 1: Prisma flowchart of search strategy and outcomes  
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Table 1: Generic search strategy used for the identification of studies 

Term 1 

(setting) 

Operator Term 2 

(outcome of interest) 

(In vitro fertili?ation) OR IVF OR (intra?cytoplasmic 

sperm injection) OR ICSI OR (assisted reproduct*) OR 

ART OR (frozen embryo transfer) OR (frozen?thawed 

embryo transfer) OR FET OR FRET 

AND Pregnancy outcome* OR obstetric outcome* OR 

miscarriage OR abortion OR (pregnancy loss) OR 

ectopic OR (gestational diabetes) OR embolism OR 

thromboembol* OR pre?eclampsia OR eclampsia OR 

hypertension OR (congenital anomal*) OR 

(chromosomal anomal*) OR (premature delivery) OR 

(premature labo?r) OR (pre?term delivery) OR (pre?term 

labo?r) OR PPROM OR (rupture of membranes) OR 

stillbirth OR death OR mortality OR (intrauterine growth 

restriction) OR IUGR OR (small for gestational age) OR 

SGA OR (large for gestational age) OR LGA OR 

macrosomia OR (gestational age at birth) OR (delivery 

mode) OR (labour induction) OR (caesarean section) OR 

(multiple pregnancy) OR (placenta pr?evia) OR (placenta 

accreta) OR (antepartum haemorrhage) OR (amniotic 

infection) OR chorioamnionitis OR (neonatal outcome*) 

OR (perinatal outcome*) OR (neonatal mortality) OR 

(neonatal morbidity) OR (perinatal mortality) OR 

(perinatal morbidity) OR (neonatal hospitali?ation) OR 

NICU admission OR (neurodevelop*) OR health OR 

development OR 

(maternal outcome) OR (maternal mortality) OR 

(maternal morbidity) OR (post?partum depression) OR 

(post?partum haemorrhage) OR PPH 

 (*) The asterisk corresponds to a truncation character allowing for one or more characters 

 (?) The question mark corresponds to a wildcard allowing for none or a single character  
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Table 2: Outcomes assessed in this rapid review 

Obstetric outcomes Remarks 

Ectopic pregnancy Pregnancy outside of the endometrial cavity (combined with heterotopic pregnancies in some studies) 

Early pregnancy loss As defined by the authors of the individual studies, usually as first and/or second trimester miscarriage 

Hypertensive disorders of the pregnancy Gestational hypertension, pre-eclampsia and eclampsia 

Placental abnormalities Morbidly adherent placenta (placenta accreta), placenta praevia and placental abruption  

Gestational diabetes mellitus Diabetes mellitus that develops during pregnancy 

PPROM Preterm premature rupture of membranes 

Preterm labour Labour < 37 weeks of pregnancy  

Very preterm labour Labour < 32 weeks of pregnancy 

SGA Small for gestational age (usually < 10th centile but in some studies < 2 SD of weight for that gestational age)  

Mode of delivery Caesarean section or vaginal delivery 

Induction of labour Pharmacologic or other induction of labour 

Postpartum haemorrhage > 500 ml of blood loss occurring during the 24h after delivery 

Low birth weight < 2500 g 

Very low birth weight < 1500 g 

Neonatal and children outcome  

Perinatal mortality  As defined by the authors of the original studies; usually any death during the perinatal period, i.e. from 22 weeks of gestation 

or ≥ 500 g and up to 7 days after birth 

NICU admission Admission to the neonatal intensive care unit 

Birth defects/congenital anomalies Major or minor. As reported by the authors of the individual studies 

Neurodevelopmental outcomes As reported by the authors of the original studies 

Autism spectrum disorders As defined by authors 

Physical growth Comparison of physical growth (e.g. height, weight) with other children of the same age 

Childhood cancer Neoplasias during childhood at any primary site 

Metabolic or cardiovascular effects Effects in cardiovascular and metabolic indices 

Cerebral palsy As defined by the authors of the original studies 
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Maternal outcomes  

Maternal ICU admission Admission of the mother to the intensive care unit prior or after delivery for reasons related to the pregnancy and/or delivery 

Maternal mortality Any deaths associated with pregnancy and delivery 

Thromboembolic disease Thromboembolic disease generally, including deep vein thrombosis, pulmonary embolism and cerebral thrombosis 

Postpartum depression Depression occurring during the puerperium  
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Table 3a: The incidence of ectopic pregnancy after ART 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Herbert et al., 

2012 

Prospective, 

population-

based  

N = 1376 

subfertile women 

aged 28–36 years 

As part of the 

Australian 

Longitudinal 

Study on 

Women’s Health 

(ALSWH) cohort 

Ectopic pregnancy rate: 

No treatment: 15/802 (1.9%) 

IVF: 5/315 (1.6%) 

OI only: 2/259 (0.8%) 

 

Comparison between groups: 

No treatment: aOR  = 1 (ref) 

IVF: aOR  = 0.92 (0.33–2.60) 

OI: aOR  = 0.44 (0.10–1.98) 

 

Yes, for age, 

area of 

residence and 

BMI 

Low III-2 Ectopic pregnancy 

rate appears to be 

similar between 

subfertile women 

conceiving 

spontaneously and 

those with the use 

of OI or IVF 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; OI: ovulation induction; aOR: adjusted odds ratio; BMI: body mass index. 
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Table 3b: Risk factors for ectopic pregnancy in ART 

Study Design Sample size Setting Risk factors evaluated Adjustment for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Perkins et al., 

2015 

Retrospective 

registry-based 

N = 553,577 ART 

pregnancies (Jan 

2001–Dec 2011) 

Data from the 

Centers for 

Disease Control 

and 

Prevention’s 

National ART 

Surveillance 

System  

Type of ART cycle: 

Fresh, non-donor: RR = 1 

(ref) 

Fresh, donor: RR = 0.50 

(0.46–0.54) 

Frozen-thawed, non-donor: 

RR = 0.65 (0.61–0.69) 

Frozen-thawed, donor: RR = 

0.58 (0.52–0.66) 

 

In fresh, non-donor ART 

cycles: 

Female age: Women ≥ 30 

years old have a ~ 20% 

increased relative risk of EP 

when compared with women 

< 30 years old. 

Prior ART cycles:  

≥ 2 prior ART cycles: aRR = 

1.21 (1.11–1.31) when 

compared with 0 prior ART 

cycles 

Prior spontaneous abortions:  

NS 

Prior live births:  

0: aRR = 1 (ref) 

1: aRR = 0.71 (0.66–0.77) 

≥ 2: aRR = 0.55 (0.48–0.63) 

Infertility diagnosis: 

Male factor:  

aRR = 0.85 (0.79–0.92) 

Tubal factor:  

aRR = 1.25 (1.16–1.35) 

Endometriosis:  

aRR = 1.02 (0.94–1.11) 

No, for type of 

ART cycle 

 

Yes, for fresh 

non-donor ART 

cycles:  

female age, 

prior ART cycles, 

prior 

spontaneous 

abortions, prior 

live births, 

infertility 

diagnosis, day of 

embryo transfer, 

number of 

embryos 

transferred, 

number of 

supernumerary 

cryopreserved 

embryos, 

occurrence of 

OHSS 

Very low 

for type of 

ART cycle 

 

Low for 

risk factors 

in fresh, 

non-

donor ART 

cycles 

III-2 Fresh, non-donor cycles 

have substantially higher 

chance of an ectopic as 

compared to fresh, oocyte 

donor-recipient cycles, 

frozen-thawed cycles 

using own or donated 

oocytes 

 

Increased female age, ≥ 2 

prior ART cycles, tubal 

factor infertility and 

transfer of multiple 

embryos are associated 

with an increased chance 

of ectopic pregnancy in 

fresh, non-donor IVF 

cycles 

 

Prior live births and male 

factor infertility are 

associated with a reduced 

chance of ectopic 

pregnancy in fresh, non-

donor IVF cycles 
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Uterine factor:  

aRR = 1.04 (0.91–1.20) 

Ovulatory disorder:  

aRR = 0.97 (0.89–1.06) 

DOR:  

aRR = 1.08 (0.98–1.20) 

Assisted hatching: 

aRR = 1.01 (0.94–1.09) 

ICSI: 

aRR = 1.01 (0.94–1.09) 

Day of ET: 

Cleavage stage:  

aRR = 1 (ref) 

Blastocyst stage:  

aRR = 1.07 (0.98–1.16) 

Other stage: 

aRR = 1.06 (0.95–1.18) 

Number of embryos 

transferred:  

1: aRR = 1 (ref) 

2: aRR = 1.11 (0.94–1.30) 

3: aRR = 1.33 (1.12–1.56) 

4: aRR = 1.49 (1.25–1.78) 

No of supernumerary 

embryos cryopreserved: 

0: aRR = 1 (ref) 

1–2: aRR = 0.95 (0.87–1.05) 

3–5: aRR = 0.96 (0.88–1.04) 

≥ 6: aRR = 0.99 (0.90–1.09) 

OHSS: 

aRR = 0.98 (0.68–1.20) 

Acharya et al., 

2014 

Systematic 

review and 

meta-analysis 

N = 15 

retrospective 

studies (27,649 

patients) 

Not applicable FET vs. fresh: 

OR = 0.83 (0.58–1.20) 

 

In FET cycles, natural vs. 

programmed (HRT) 

preparation of the 

endometrium (2 studies): 

OR = 0.64 (0.20–2.05) 

No Low III-2 A FET cycle is not 

associated with a different 

probability of ectopic 

pregnancy compared to a 

fresh one 

 

Natural preparation of the 

endometrium is not 

associated with a 

significantly different 
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probability of ectopic 

pregnancy when 

compared with 

programmed (HRT) 

preparation of the 

endometrium 

Malak et al., 

2011 

Retrospective 

cohort study 

N = 385 

consecutive 

pregnancies 

after IVF 

University IVF 

centre 

Tubal infertility:  

OR: 3.99 (1.23–12.98) 

Previous ectopic pregnancy: 

OR: 0.93 (0.52–12.34) 

Previous IVF ectopic 

pregnancy: 

OR: 0.65 (0.04–6.84) 

Smoking: 

OR: 0.55 (0.07–4.44) 

Pelvic infection:  

OR: 0.91 (0.11–7.79) 

Previous surgery for 

endometriosis:  

OR: 5.16 (1.25–2.21) 

Previous myomectomy: 

OR: 4.39 (0.45–43.07) 

No Very low 

quality 

III-2 Tubal infertility and 

previous surgery for 

endometriosis are 

associated with increased 

probability of ectopic 

pregnancy after IVF 

 

Previous ectopic 

pregnancy (spontaneous 

or after IVF), smoking, 

pelvic infection and 

previous myomectomy are 

not associated with the 

probability of ectopic 

pregnancy after IVF 

Isihara et al., 

2011 

Retrospective 

registry-based 

N = 20,886 IVF 

pregnancies 

after SET (2008) 

Japanese 

registry of ART 

FET vs. fresh:  

Fresh IVF/ICSI cleaved: EPR = 

2.1% FET cleaved: EPR = 1.8% 

(p = 0.001) 

 

Fresh IVF/ICSI blastocyst: EPR 

= 1.4% vs. FET blastocyst: 

EPR = 0.8% (p = 0.001) 

No Very low 

quality  

III-2 FET is associated with 

significantly lower 

probability of ectopic 

pregnancy compared to 

fresh ET, regardless of 

developmental stage of 

embryo at transfer 

ART: assisted reproductive technology; ICSI: intracytoplasmic sperm injection; RR: relative risk; aRR: adjusted relative risk; EP: ectopic pregnancy; EPR: ectopic 

pregnancy rate; ET: embryo transfer; SET: single embryo transfer; OHSS: ovarian hyperstimulation syndrome; HRT: hormone replacement therapy; OR: odds ratio; FET: 

frozen embryo transfer; NS: not significant; DOR: diminished ovarian reserve 
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Table 4a: Pregnancy loss after ART incidence 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561 

SC = 600 

 

University ART 

unit 

Risk of pregnancy loss: 

SC: aOR = 1.00 (ref) 

IVF: aOR = 1.04 (0.43–1.63) 

ICSI: aOR = 0.89 (0.40–1.98) 

Yes, maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 The risk of 

pregnancy loss does 

not seem to be 

different in ART 

singleton 

pregnancies when 

compared with 

spontaneously 

conceived 

pregnancies 

Wang et al., 

2004 

Retrospective 

comparison of 

data from a 

single ART 

centre with 

spontaneously 

conceived 

pregnancies 

from two 

different cohort 

studies (Ford & 

Treloar cohorts) 

performed to 

answer another 

research 

question 

N = 6759 

pregnancies  

 

Cohorts: 

ART = 1945  

Ford cohort = 

549 spontaneous 

pregnancies 

Treloar cohort = 

4265 

spontaneous 

pregnancies 

University ART 

centre 

Risk of pregnancy loss: 

ART cohort vs. Ford cohort: 

RR = 1.20 (1.03–1.46) 

 

ART cohort vs. Treloar cohort: 

RR = 1.37 (1.22–1.54) 

 

 

Yes, maternal 

age  

Very low III-3 The risk of 

pregnancy loss 

seems to be 

increased in ART 

pregnancies when 

compared with 

spontaneous 

conceptions in 

women of similar 

age 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; aOR: adjusted odds ratio; RR: relative risk; BMI: body mass index; 

SC: spontaneous conception 
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Table 4b: Risk factors for pregnancy loss after ART  

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Isihara et al., 

2014 

Retrospective 

registry-based 

N = 277,042 

pregnancies 

after SET (2008–

2010) 

Japanese 

registry of 

ART 

Stage of embryo at transfer and 

fresh vs. FET transfers: 

Fresh, cleavage stage: MR = 

25.4% 

Fresh, blastocyst stage: 

MR = 23.7% 

Thawed, cleavage stage: MR = 

26.6% 

Thawed, blastocyst stage: 

MR = 26.6% 

p < 0.05 when fresh is compared 

with FET in cleavage and 

blastocyst ET 

No Very low III-2 Frozen SET is 

associated with an 

increased miscarriage 

rate compared to a 

fresh SET regardless 

of whether the ET was 

performed at the 

cleavage or blastocyst 

stage 

Shapiro et al., 

2011 

Retrospective 

cohort study 

N = 2150 

autologous 

blastocyst 

transfers 

resulting in 1489 

pregnancies  

 

Cohorts: 

Fresh embryo 

transfer = 909 

Post-thaw 

extended culture 

= 580 

Private 

infertility 

centre 

Pregnancy loss fresh ET vs. FET: 

Fresh: MR = 7.2% 

FET: MR = 8.6% 

P = 0.424 

No Very low III-2 No significant 

difference in 

miscarriage rates in 

pregnancies after 

fresh and FET 

autologous blastocyst 

transfers 

Kansal Kalra et 

al., 2011 

Retrospective 

cohort study 

N = 340 ART 

pregnancies 

(218 fresh vs. 

122 frozen) 

University 

infertility 

centre 

Pregnancy loss fresh ET vs. FET: 

First trimester pregnancy loss: 

aOR = 1.89 (1.08–3.33) 

Clinical pregnancy loss: aOR = 

1.85 (0.77–4.35) 

Yes, trimester 

pregnancy loss 

was adjusted 

for maternal 

age, OHSS and 

parity 

 

Clinical 

Very low III-2 Pregnancies after a 

fresh ET have 

increased risk of first 

trimester pregnancy 

loss compared to 

pregnancies after FET 

when adjusted for 

maternal age, OHSS 
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pregnancy loss 

was adjusted 

for maternal 

age, twin 

gestation, 

OHSS and 

parity 

 

and parity 

 

A significant 

association was not 

detected between 

pregnancies 

occurring after fresh 

or FET and the risk of 

clinical pregnancy 

loss 

Isihara et al., 

2011 

Retrospective 

registry-based 

N = 20,886 IVF 

pregnancies 

after SET (2008) 

Japanese 

registry of 

ART 

Miscarriage rate, stage of 

embryo at transfer and fresh vs. 

FET transfers: 

Fresh IVF, cleavage stage: MR = 

25.2% 

Fresh IVF, blastocyst stage: 

MR = 23.0% 

Fresh ICSI, cleavage stage: MR = 

27.9% 

Fresh ICSI, blastocyst stage: 

MR = 22.3% 

Thawed, cleavage stage: MR = 

27.3% 

Thawed, blastocyst stage: 

MR = 27.1% 

(p > 0.05 for all pair-wise 

comparisons) 

 

Maternal age: 

Fresh, SET, cleavage stage: 

< 30: MR = 13.4% 

30–34: MR = 18.9% 

35–39: MR = 28.2% 

≥ 40: MR = 51.9% 

Mantel-Haenszel test for trend: 

p < 0.001 

Fresh, SET, blastocyst stage: 

< 30: MR = 16.9% 

30–34: MR = 17.7% 

35–39: MR = 25.7% 

≥ 40: MR = 35.9% 

Yes, through 

stratification 

Very low III-2 Maternal age is 

positively associated 

with a higher risk of 

miscarriage in fresh 

and frozen-thawed 

SET cycles 

independently of the 

developmental stage 

of the embryo at 

transfer 

 

The type of 

fertilisation (IVF vs. 

ICSI), the 

developmental stage 

of the embryo at 

transfer (cleavage vs. 

blastocyst) and the 

use of frozen-thawed 

embryos are not 

associated with the 

risk of miscarriage 

after ART 
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Mantel-Haenszel test for trend: 

p < 0.001 

 

Thawed, SET, cleavage stage: 

< 30: MR = 17.4% 

30–34: MR = 23.2% 

35–39: MR = 29.9% 

≥ 40: MR = 41.8% 

Mantel-Haenszel test for trend: 

p = 0.7784 

 

Fresh, SET, blastocyst stage: 

< 30: MR = 20.1% 

30–34: MR = 21.3% 

35–39: MR = 27.4% 

≥ 40: MR = 44.8% 

Mantel-Haenszel test for trend: 

p < 0.001 

 

Bucket et al., 

2008 

Retrospective 

cohort study 

N = 1581 

pregnancies 

after ART 

 

Cohorts: 

IVM = 120  

IVF = 849  

ICSI = 612 

University 

infertility 

centre 

Type of ART procedure: 

Overall population: 

IVM: MR = 25.3% vs. 

IVF: MR = 12.6% vs. 

ICSI: MR = 15.7% 

p < 0.005 

 

In PCOS women: 

IVM: MR = 24.5% vs. 

IVF: MR = 22.2%  

p = 0.72 

No, in the 

main analysis 

 

 

Very low III-2 Pregnancies after in-

vitro maturation do 

not seem to have an 

increased risk of 

miscarriage when 

compared with 

pregnancies after IVF 

in women with PCOS  

Belva et al., 

2008 

Retrospective 

cohort study 

N = 6821 

pregnancies 

after fresh or 

frozen-thawed 

IVF or ICSI 

University 

hospital 

Freezing–thawing process: 

FET vs. fresh ICSI: OR = 1.20 

(0.97–1.49) 

 

FET vs. fresh IVF: OR = 1.09 

(0.84–1.41) 

 

ICSI vs. IVF in FET cycles: 

 

Yes, type of 

fertilisation 

(ICSI vs. IVF) 

Very low III-2 No evidence was 

found that 

cryopreservation 

using slow freezing is 

associated with the 

probability of 

miscarriage after IVF 

or ICSI 
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ICSI vs. IVF: OR = 1.18 (0.87–

1.60) 

Farr et al., 

2007 

Retrospective 

registry-based 

N = 148,494 ART 

pregnancies 

(1999–2002) 

Data from 

the Centers 

for Disease 

Control and 

Prevention’

s National 

ART 

Surveillance 

System  

Maternal age (singleton and 

multiple pregnancies): 

Fresh embryos with autologous 

oocytes  

< 33: RR = 1.00 (ref) 

33–34: RR = 1.08 (1.05–1.12) 

35–37: RR = 1.22 (1.18–1.25) 

36–40: RR = 1.64 (1.61–1.68) 

41–42: RR = 2.30 (2.24–2.36) 

> 42: RR = 2.85 (2.73–2.97) 

 

Thawed embryos with 

autologous oocytes  

< 33: RR = 1.47 (1.42–1.54) 

33–34: RR = 1.50 (1.42–1.58) 

35–37: RR = 1.63 (1.56–1.71) 

36–40: RR = 1.90 (1.80–2.01) 

41–42: RR = 1.95 (1.78–2.13) 

> 42: RR = 2.29 (2.06–2.54) 

 

Fresh embryos with donated 

oocytes: RR = 1.06 (1.02–1.10) 

Thawed embryos with donated 

oocytes: RR = 1.48 (1.41–1.55) 

  

Maternal age (multiple 

pregnancies only – loss of the 

entire pregnancy): 

Fresh embryos with autologous 

oocytes  

< 33: RR = 1.00 (ref) 

33–34: RR = 0.99 (0.86–1.14) 

35–37: RR = 1.12 (0.99–1.27) 

36–40: RR = 1.89 (1.38–2.58) 

41–42: RR = 2.24 (1.77–2.82) 

> 42: RR = 3.22 (2.06–5.03) 

 

Thawed embryos with 

autologous oocytes  

Yes, oocyte 

origin, 

multiplicity of 

pregnancy and 

fresh vs. 

frozen-thawed 

process 

Very low III-2 When using 

autologous oocytes, 

female age is 

positively associated 

with the probability 

of miscarriage after 

either a fresh or a 

frozen-thawed ART 

pregnancy 

 

In multiple 

pregnancies, losing 

the entire pregnancy 

was also associated 

positively with 

increasing maternal 

age in fresh ART 

using autologous 

oocytes, although the 

effect became 

statistically significant 

in women ≥ 36 years  

 

In frozen-thawed 

cycles using own 

oocytes, no 

association between 

maternal age and the 

probability of losing 

the entire pregnancy 

was detected 

 

In multiple 

pregnancies, using 

donor oocytes for 

fresh or frozen-

thawed, ART is not 

associated with the 

risk of losing the 
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< 33: RR = 0.90 (0.68–1.18) 

33–34: RR = 1.22 (0.87–1.70) 

35–37: RR = 1.16 (0.78–1.71) 

36–40: RR = 0.84 (0.50–1.41) 

41–42: RR = 1.21 (0.64–2.30) 

> 42: RR = n/a 

 

Fresh embryos with donated 

oocytes: RR = 0.91 (0.78–1.06) 

 

Thawed embryos with donated 

oocytes: RR = 0.95 (0.69–1.30) 

entire pregnancy 

when compared with 

the risk of losing an 

entire multiple 

pregnancy resulting 

from fresh ART using 

autologous oocytes 

from young women 

(< 33 years)  

Dokras et al., 

2006 

Retrospective 

cohort study 

N = 1293 

women 

University 

hospital 

BMI: 

< 25: MR = 10.9% 

25–29.9: MR = 9.9% 

30–39.9: MR = 18.2% 

≥ 40: MR = 12.1% 

 

PCOS in women with a BMI ≥ 30 

kg/m
2
: 

BMI 30–39.9 & PCOS: MR = 

24.2% 

BMI 30–39.9 not PCOS: MR = 

15.9% 

BMI ≥ 40 & PCOS: MR = 15.4% 

BMI ≥ 40 not PCOS: MR = 10.0%  

 

 

No  Very low III-2 Obese women have a 

higher probability of 

miscarriage than 

women with normal 

BMI 

 

No evidence was 

provided that an 

increased risk of 

miscarriage is present 

in women with PCOS 

compared to non-

PCOS obese and 

morbidly obese 

women 

Wang et al., 

2004 

Retrospective 

comparison of 

data from a 

single ART 

centre with 

spontaneously 

conceived 

pregnancies 

from two 

different cohort 

studies (Ford & 

N = 6759 

pregnancies  

 

Cohorts: 

ART cohort = 

1945 

pregnancies 

Ford cohort = 

549 

spontaneous 

pregnancies 

University 

ART centre  

Female age: 

< 25: aOR = 1 (ref) 

25–29.9: aOR = 0.90 (0.45–1.81) 

30–34.9: aOR = 0.87 (0.44–1.71) 

35–39.9: aOR = 1.22 (0.60–2.45) 

≥ 40: aOR = 2.42 (1.01–5.78) 

 

Previous spontaneous abortion:  

None: aOR = 1.00 (ref) 

1: aOR = 1.00 (0.75–1.32) 

2: aOR = 1.15 (0.71–1.85) 

Yes, 

age, BMI, 

previous 

spontaneous 

abortion, 

patient type, 

treatment 

type, levels of 

E2 at hCG 

Very low III-2 Advanced maternal 

age (≥ 40 years) is 

associated with 

increased probability 

of pregnancy loss 

when compared with 

women < 35 years 

 

Having a history of ≥ 

3 previous 

spontaneous 
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Treloar cohorts) 

performed to 

answer another 

research 

question 

Treloar cohort = 

4265 

spontaneous 

pregnancies 

≥ 3: aOR = 2.09 (1.07–4.10) 

 

Patient type: 

Female single factor: aOR = 1 

(ref) 

Female multiple factors: aOR = 

1.01 (0.67–1.52) 

Male factor/donor sperm: aOR = 

0.90 (0.57–1.42) 

Male factor/ICSI: aOR = 1.14 

(0.59–2.20) 

Male factor/IVF or GIFT: aOR = 

1.19 (0.76–1.84) 

Unexplained: aOR = 1.22 (0.85–

1.75) 

Others: aOR = 0.92 (0.49–1.71) 

 

Treatment: 

IVF: aOR = 1.00 (ref) 

ICSI: aOR = 0.91 (0.54–1.54) 

GIFT: aOR = 0.74 (0.34–0.99) 

 

Levels of E2 at hCG: 

< 2 nmol/L: aOR = 1.00 (ref) 

2–8 nmol/L: aOR = 2.06 (0.76–

5.56) 

> 8 nmol/L: aOR = 2.59 (0.96–

6.99) 

abortions is 

associated with an 

increased probability 

of pregnancy loss 

compared to having 

no prior spontaneous 

abortions 

 

The type of infertility 

is not associated with 

the probability of 

pregnancy loss 

 

GIFT is associated 

with significantly 

reduced probability 

of pregnancy loss 

compared to IVF 

 

The levels of E2 at 

hCG are not 

associated with 

probability of 

pregnancy loss 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; RR: relative risk; ET: embryo transfer; FET: frozen embryo 

transfer; OHSS: ovarian hyperstimulation syndrome; OR: odds ratio; aOR: adjusted odds ratio; SET: single embryo transfer; PCOS: polycystic ovarian syndrome; MR: 

miscarriage rate; BMI: body mass index; GIFT: gamete intrafallopian transfer; hCG: human chorionic gonadotropin; IVM: in-vitro maturation; E2: oestradiol 
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Table 5a: Incidence of antepartum haemorrhage in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Poon et al., 2013 Retrospective 

cohort study 

N = 17,510 

pregnancies  

 

Cohorts: 

SC = 16,335 after 

ART = 536  

Hospital ART vs. SC: 

SC: OR = 1.00 (ref) 

ART: OR = 2.53 (1.72–3.73) 

No Very low III-2 The risk of 

antepartum 

haemorrhage is 

increased in 

pregnancies after 

ART when 

compared with 

spontaneously 

conceived 

pregnancies 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561  

SC = 600  

University ART 

unit 

Risk of bleeding: 

Spontaneous: aOR = 1.00 (ref) 

IVF: aOR = 1.79 (1.14–2.81) 

ICSI: aOR = 1.60 (1.09–2.36) 

Yes, maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 The risk of obstetric 

bleeding is 

increased in 

singleton 

pregnancies after 

ART when 

compared with 

spontaneously 

conceived 

pregnancies 

Abdel-Latif et al., 

2013 

Population-

based 

retrospective 

cohort study 

N = 1473 

pregnancies 

resulting in a live 

birth at < 29 

weeks of 

gestation 

 

Cohorts: 

SC = 1256 

ART  = 217 

Not applicable ART vs. SC: 

ART: APHR = 27.6% vs. 

SC: APHR = 30.2% 

P = 0.50 

No Very low III-2 The probability of 

antepartum 

haemorrhage in 

pregnancies that 

resulted in the 

delivery of a live 

infant at < 29 weeks 

of gestation was not 

different between 

those conceived 
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spontaneously and 

those after assisted 

conception  

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

cohort studies) 

Not applicable IVF/ICSI vs. SC (all studies): 

RR = 2.49 (2.30–2.69) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR = 1.98 (1.61–2.43) 

 

Yes, in 9/13 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

antepartum 

haemorrhage in 

singleton 

pregnancies is 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

McDonald et al., 

2005 

Systematic 

review and 

meta-analysis 

N = 4629 twin 

pregnancies from 

11 cohort studies 

included in this 

meta-analysis. It is 

not reported how 

many studies 

provided data for 

antepartum 

haemorrhage. 

Not applicable IVF/ICSI vs. SC: 

OR = 2.69 (0.62–11.57) 

 

 

Yes, in 

individual 

studies for 

maternal age 

and in most of 

them, for 

parity and 

delivery date 

Low III-2 The probability of 

antepartum 

haemorrhage in 

twin pregnancies is 

not significantly 

increased compared 

to twin pregnancies 

after spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; OR: odds ratio; aOR: adjusted odds ratio; BMI: body mass index; 

SC: spontaneous conception; APHR: antepartum haemorrhage risk; RR: relative risk  
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Table 5b: Risk factors for antepartum haemorrhage in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 11 studies 

(for all 

outcomes) – 2 

studies offering 

data for APH 

(3875 

pregnancies 

after FET vs. 

7000 

pregnancies 

after fresh ET) 

Not 

applicable 

FET vs. fresh:  

RR: 0.67 (0.55–0.81)  

RD: 2% (1–2) 

 

No Low III-2 Pregnancies after a FET are 

at a decreased risk of APH 

compared to pregnancies 

after fresh ET 

Fernando et 

al., 2012 

Retrospective 

cohort study 

N = 4202 IVF 

pregnancies 

(2004–2009) 

 

Cohorts: 

Day 2–4 embryo 

transfer = 2486 

Day 5–6 embryo 

transfer = 1716 

Private 

infertility 

unit 

Day 5–6 ET vs. day 2–3 ET:  

aOR = 0.75 (0.39–1.44) 

Yes, maternal 

age, year of 

birth, parity, 

BMI, smoking 

status, private 

health 

insurance, 

stimulation of 

cycle 

(including 

cryopreserved 

embryos), IVF 

vs. ICSI, SET vs. 

DET and 

vanishing 

twins 

Very low III-2 No difference could be 

detected in the probability 

of APH between 

pregnancies after a transfer 

at day 5–6 compared to 

day 2–3 of embryo 

development 

Healy et al., 

2010 

Retrospective 

cohort study 

N = 6730 

singleton 

pregnancies 

after IVF/ICSI 

ART 

registry and 

Victorian 

Perinatal 

Data 

Collection 

Unit  

Fresh vs. FET: aOR = 1.46 (1.18–

1.80) 

Fresh vs. FET (natural): aOR = 

1.53 (1.22–1.93) 

Female infertility: aOR = 1.27 

(1.05–1.55) 

Endometriosis: aOR = 1.21 

Yes, maternal 

age, year of 

birth, country 

of birth Asia 

and Middle 

East, marital 

status, parity, 

Low III-2 Fresh embryo transfer 

compared to frozen-

thawed ET is associated 

with a higher probability of 

antepartum haemorrhage 

(APH) 
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(0.95–1.53) 

Ovulatory disorder: aOR = 1.14 

(0.87–1.48) 

Tubal disease: aOR = 1.34 (1.08–

1.67) 

ICSI vs. IVF: aOR = 0.89 (0.72–

1.09) 

SET vs. DET: aOR = 1.06 (0.81–

1.38) 

> 2 ET vs. DET: aOR = 1.37 (1.03–

1.80) 

Luteal phase hCG: aOR = 1.31 

(1.03–1.67) 

Progesterone LPS: aOR = 1.26 

(0.98–1.61) 

> 1 foetal heart vs. 1 foetal 

heart: aOR = 0.79 (0.46–1.34) 

Average cell number 4 vs. 

average cell number > 4: aOR = 

1.04 (0.82–1.30) 

Average cell number 4 vs. 

average cell number < 4: aOR = 

1.04 (0.86–1.56) 

 

Number of oocytes collected:  

< 6 oocytes APHR = 5.7% 

6–9 oocytes APHR = 7.6% 

10–13 oocytes APHR: 8.1% 

> 13 oocytes APHR: 8.6% 

p = 0.009 

any 

miscarriages or 

terminations 

of pregnancy, 

vertex 

presentation, 

tertiary and 

private 

hospital status 

In FET cycles, a hormonal 

preparation of the 

endometrium is associated 

with a higher probability of 

APH compared to an FET 

after a natural cycle  

 

Female infertility and tubal 

disease are associated with 

a higher risk of APH, 

whereas no association was 

detected for endometriosis 

and ovulatory disorders 

 

Luteal phase support 

(especially hCG) seems to 

be associated with a small 

increase in the probability 

of APH compared to no 

LPS 

 

The number of oocytes 

retrieved during 

stimulation is positively 

associated with the 

probability of APH in the 

subsequent pregnancy 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; RR: relative risk; RD: risk difference; ET: embryo transfer; FET: 

frozen embryo transfer; aOR: adjusted odds ratio; SET: single embryo transfer; DET: double embryo transfer; hCG: human chorionic gonadotropin; APHR: antepartum 

haemorrhage risk; APH: antepartum haemorrhage; LPS: luteal phase support; BMI: body mass index  
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Table 6a: Incidence of hypertensive disorders in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 12 

studies provided 

data on 

hypertensive 

disorders (ART = 

12,380 vs. SC = 

31,578) 

Not applicable ART vs. SC:  

RR = 1.11 (1.04–1.19) 

No Very low III-2 In multiple 

pregnancies, a small 

increase in the risk 

of gestational 

hypertension is 

observed compared 

to spontaneously 

conceived multiple 

pregnancies 

Declercq et al., 

2015 

Longitudinal 

cohort study 

N = 334,628 

births and foetal 

deaths (2004–

2008)  

Massachusetts 

ART clinics and 

Massachusetts 

Pregnancy to 

Early Life 

Longitudinal 

data system 

Pregnancy-induced 

hypertension: 

 

Singletons: 

Subfertile ART: 12.8%  

 vs. subfertile no ART: 10.2% 

p < 0.01 

 

Twins:  

Subfertile ART: 24.7%  

 vs. subfertile no ART: 26.9% 

p = 0.15 

No Very low III-2 In singletons, there 

was a small increase 

in the prevalence of 

gestational 

hypertension after 

ART compared to 

pregnancies of 

subfertile 

population after no 

ART. 

Watanabe et al., 

2014 

Retrospective 

cohort study 

N = 948 matched 

pregnancies with 

deliveries of 

singletons at ≥ 

22 weeks of 

gestation (IVF = 

474 & non-IVF = 

474) (2009–2011) 

National Center 

for Child Health 

and 

Development, 

Tokyo, Japan 

Pre-eclampsia 

IVF: PER = 3.2% vs.  

non-IVF: PER = 1.5% 

P = 0.27 

aOR = 2.50 (0.49–12.89) 

Yes, through 

propensity 

score 

matching for 

multiple (27) 

maternal and 

paternal 

factors 

including 

maternal and 

paternal age, 

parity, 

Very low III-2 In singleton IVF 

pregnancies, a 

statistical significant 

increase in the risk 

of pre-eclampsia 

when compared 

with non-IVF 

pregnancies could 

not be detected  
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smoking 

status, weight, 

history of 

hypertension, 

maternal 

medical 

conditions 

Toshimitsu et al., 

2014 

Retrospective 

cohort study 

N = 780 

singleton 

deliveries  

 

Cohorts: 

women ≥ 40 

years = 330 

women aged 30–

34 years = 450 

Tertiary perinatal 

centre in a 

university 

hospital 

Gestational hypertension: 

 

Maternal age ≥ 40 years: 

IVF/ICSI vs. SC: OR = 3.02 

(1.49–6.09) 

 

Maternal age 30–34 years: 

IVF/ICSI vs. SC: OR = 6.23 

(1.63–19.08) 

 

 

No Very low III-2 In women 40 years 

old and in women 

30–34 years old or 

older with a 

singleton 

pregnancy, the 

chance of 

gestational 

hypertension is 

significantly 

increased after ART 

compared to 

spontaneous 

conception  

Tandberg et al., 

2014 

Prospective 

population-

based cohort 

study 

N = 501,766 

mothers with 

offspring from 

1998 to 2006 

Medical Birth 

Registry of 

Norway 

Pre-eclampsia in ART 

pregnancies vs. SC: 

 

Singletons: 

1st pregnancy: aOR = 1.14 

(1.04–1.26) 

2nd pregnancy: aOR = 1.3 (1.1–

1.6) 

3rd pregnancy: aOR = 1.8 (1.2–

2.9) 

 

Twins: 

1st pregnancy: aOR = 0.90 

(0.78–1.04) 

2nd pregnancy: aOR = 1.26 

(0.98–1.6) 

3rd pregnancy: aOR = 0.86 

(0.38–2.1) 

 

Yes, for 

maternal age 

and parity 

Very low III-2 The incidence of 

pre-eclampsia 

seems to be 

increased in 

singleton 

pregnancies after 

ART compared to 

pregnancies after 

spontaneous 

conception 

 

In twin pregnancies, 

pre-eclampsia was 

not more frequent 

in ART pregnancies 

than in 

spontaneously 

conceived 

pregnancies 
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Räisanen et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 291,004 

singleton 

pregnancies  

 

Cohorts: 

IVF = 5647  

Non-IVF = 

285,357 

Medical Birth 

Register, Finland 

Pre-eclampsia: 

IVF: PER = 1.6% vs. 

non-IVF = 1.1% 

P = 0.001 

No Very low III-2 The risk of pre-

eclampsia is 

increased in 

singleton IVF 

pregnancies 

compared to non-

IVF singleton 

pregnancies 

Poon et al., 2013 Retrospective 

cohort study 

N = 17,510 

pregnancies  

 

Cohorts: 

SC = 16,335 after 

ART = 536  

Hospital ART vs. SC: 

 

All pregnancies: 

SC: OR = 1.00 (ref) 

ART: OR = 1.89 (1.40–2.56) 

 

Singleton pregnancies: 

SC: OR = 1.00 (ref) 

ART: OR = 1.68 (1.07–2.64) 

No Very low III-2 The risk of GH is 

increased in 

pregnancies after 

ART when 

compared with 

spontaneously 

conceived 

pregnancies 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561  

SC = 600  

University ART 

unit 

Risk of gestational 

hypertension: 

Spontaneous: aOR = 1.00 (ref) 

IVF: aOR = 1.63 (0.89–2.99) 

ICSI: aOR = 1.41 (0.84–2.38) 

Yes, maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 A statistically 

significant 

difference in the risk 

of GH was not 

detected between 

ART and 

spontaneously 

conceived singleton 

pregnancies 

Abdel-Latif et al., 

2013 

Population-

based 

retrospective 

cohort study 

N = 1473 

pregnancies 

resulting in a live 

birth at < 29 

weeks of 

gestation 

 

Cohorts: 

Not applicable ART vs. SC: 

AC: GHR = 14.3% vs. 

SC: GHR = 18.3% 

P = 0.50 

No Very low III-2 The probability of 

GH in pregnancies 

that resulted in the 

delivery of a live 

infant at < 29 weeks 

of gestation was not 

different between 

those conceived 
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SC = 1256 

ART = 217 

spontaneously and 

those after assisted 

conception 

Tsutsumi et al., 

2012 

Retrospective 

cohort study 

N = 564 

singleton 

pregnancies in 

infertile patients  

 

Cohorts: 

ART = 351  

SC = 213 

Reproductive 

medicine unit 

and various 

hospitals 

Gestational hypertension: 

ART: GHR = 5.4% vs. 

non-ART: GHR = 5.6% 

P = 1.00 

 

No Very low III-2 The probability of 

GH in singleton 

pregnancies after 

ART in infertile 

patients was not 

different from the 

singleton 

pregnancies 

conceived without 

the use of ART in 

infertile patients 

Sazonova et al., 

2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348  

Fresh ET = 8944  

 

Swedish Medical 

Birth Register 

Pre-eclampsia: 

General population: aOR = 1 

(ref) 

FET SET/DET: 1.25 (1.03–1.51) 

FET SET: aOR = 1.15 (0.90–1.47) 

Yes, for year of 

birth, maternal 

age, parity, 

smoking 

status, BMI 

and years of 

involuntary 

childlessness 

Low III-2 The risk of pre-

eclampsia in 

singleton 

pregnancies after 

FET is increased 

compared to 

singleton 

pregnancies in the 

general population  

Raatikainen et 

al., 2012 

Retrospective 

cohort study 

N = 1356 

 

Cohorts: 

ART = 428  

SC = 928 

spontaneously 

conceived 

pregnancies after 

≥ 2 years of 

attempting to 

conceive 

Tertiary level 

obstetric referral 

centre 

Pre-eclampsia: 

ART GHR = 3.7% vs. 

SC ≥ 2 years’ time to 

pregnancy GHR: 5.1%  

P = 0.28 

 

No Very low III-2 The risk of pre-

eclampsia in 

pregnancies after 

ART is not different 

compared to that in 

pregnancies in 

patients with a 

time-to-pregnancy 

of ≥ 2 years 

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 16,923 

singleton 

pregnancies from 

15 studies (11 

matched cohorts 

and 4 unmatched 

Not applicable Hypertensive disorders of the 

pregnancy (GH, PE and 

eclampsia combined): 

SC: RR = 1.00 (ref) 

ART: RR = 1.28 (1.06–1.54) 

SC: RR = 1.00 (ref) 

Yes, in 11/15 

studies 

matching was 

performed for 

various 

variables such 

High III-2 The probability of 

hypertensive 

disorders of the 

pregnancy in 

singleton 

pregnancies is 
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cohort studies) SET ART: RR = 1.58 (1.40–1.77) 

 

as age, parity 

etc. 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

Calhoun et al., 

2011 

Prospective 

case control 

study 

N = 1031 women 

 

Cohorts: 

Pre-eclampsia = 

440 

Control = 591 

University 

hospital 

Severity of PE as expressed by 

end organ damage: 

PE after SC vs. PE after IVF  

Elevated AST: aOR = 4.9 (1.00–

24.31) 

Platelets < 100,000: aOR = 18.2 

(1.6–21.03) 

Elevated Cr: aOR = 8.0 (1.45–

44.21) 

Yes, for age, 

race and 

multiple 

gestations 

Very low III-2 The severity of pre-

eclampsia as 

expressed by end 

organ damage 

seems to be 

increased after IVF 

compared to 

spontaneous 

conceptions 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; OR: odds ratio; aOR: adjusted odds 

ratio; RR: relative risk; BMI: body mass index; ET: embryo transfer; FET: fresh embryo transfer; SET: single embryo transfer; DET: double embryo transfer; GH: gestational 

hypertension; GHR: gestational hypertension risk; PE: pre-eclampsia; PER: pre-eclampsia risk; AST: aspartate aminotransferase 
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Table 6b: Risk factors for hypertensive disorders of pregnancy after ART  

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Tandberg et 

al., 2014 

Retrospective 

population-

based cohort 

study 

N = 501,766 

mothers with 

offspring from 

1998 to 2006 

Medical 

Birth 

Registry of 

Norway 

Parity: 

 

Pre-eclampsia in ART 

pregnancies vs. SC: 

1st pregnancy: aOR = 1.14 (1.04–

1.26) 

2nd pregnancy: aOR = 1.3 (1.1–

1.6) 

3rd pregnancy: aOR = 1.8 (1.2–

2.9) 

Twins: 

1st pregnancy: aOR = 0.90 (0.78–

1.04) 

2nd pregnancy: aOR = 1.26 

(0.98–1.6) 

3rd pregnancy: aOR = 0.86 

(0.38–2.1) 

 

Smoking (overall): 

OR = 0.65 (0.62–0.69) 

 

Interbirth interval: 

2 years vs. > 6 years:  

Between 1st and 2nd birth: 

OR = 1.60 (1.51–1.69) 

 

Between 2nd and 3rd birth: 

OR = 1.53 (1.43–1.65) 

Yes, for 

maternal age  

Very low III-2 The incidence of pre-

eclampsia in ART 

pregnancies may increase 

with parity 

 

Smoking seems to exert a 

protective effect on the risk 

of pre-eclampsia 

 

An interbirth interval > 6 

years is associated with a 

higher risk of pre-eclampsia 

in pregnancies after ART 

than a 2 year interbirth 

interval 

Isihara et al., 

2014 

Retrospective 

registry-based 

N = 277,042 

pregnancies 

after SET (2008–

2010) 

Japanese 

registry of 

ART 

Gestational hypertension: 

 

Maternal age: 

aOR = 1.07 (1.06–1.09) 

 

FET vs. fresh: 

aOR = 1.58 (1.35–1.86) 

 

Yes, adjusted 

for maternal 

age, FET vs. 

fresh, 

blastocyst vs. 

cleavage, male 

vs. female 

gender 

Very low III-2 Maternal age is associated 

with an increased risk of GH  

 

Frozen-thawed SET is 

associated with increased risk 

for GH compared to fresh 

SET 

The developmental stage of 
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Blastocyst vs. cleavage stage at 

ET: 

aOR = 0.94 (0.80–1.10) 

 

Male or female gender: 

aOR = 0.91 (0.81–1.02) 

 

 

 the embryo at transfer is not 

associated with the risk of 

GH in ART pregnancies after 

SET 

 

The gender of the foetus is 

not associated with the risk 

of GH in ART pregnancies 

after SET 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 2 

studies offering 

data for PE 

(2742 

pregnancies 

after blastocyst 

ET vs. 10,401 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

Pre-eclampsia 

Blastocyst vs. cleavage stage at 

ET:  

RR: 1.04 (0.83–1.30) 

 

No Very low III-2 The risk of pre-eclampsia in 

singleton pregnancies after 

ART is not associated with 

the developmental stage of 

the embryo (blastocyst vs. 

cleavage) at transfer 

Sazonova et 

al., 2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 

Fresh ET = 8944 

Swedish 

Medical 

Birth 

Register 

Pre-eclampsia: 

Fresh SET/DET: aOR = 1 (ref) 

FET SET/DET: 1.32 (1.07–1.63) 

 

Yes, for 

maternal age, 

primiparity, 

maternal 

smoking, 

involuntary 

childlessness 

and maternal 

BMI 

Low III-2 The risk of pre-eclampsia in 

singleton pregnancies after 

FET is increased compared to 

singleton pregnancies after 

fresh ET 

Fernando et 

al., 2012 

Retrospective 

cohort study 

N = 4202 IVF 

pregnancies 

(2004–2009) 

 

Cohorts: 

Day 2–4 embryo 

transfer = 2486 

Day 5–6 embryo 

Private 

infertility 

unit 

Pre-eclampsia: 

Day 5–6 ET vs. day 2–3 ET:  

aOR = 1.72 (0.93–3.20) 

Yes, maternal 

age, year of 

birth, parity, 

BMI, smoking 

status, private 

health 

insurance, 

stimulation of 

Very low III-2 No difference could be 

detected in the probability of 

pre-eclampsia between 

pregnancies after a transfer 

at day 5-6 compared to day 

2-3 of embryo development 
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transfer = 1716 cycle 

(including 

cryopreserved 

embryos), IVF 

vs. ICSI, SET vs. 

DET and 

vanishing 

twins 

Hernandez-

Diaz et al., 

2007 

Retrospective 

cohort study 

N = 5151 

pregnancies 

(1998–2006) 

Epidemiolo

gy centre  

Gestational hypertension 

Gravidity: 

Primigravida: RR = 1.00 (ref) 

Primiparous: RR = 1.1 (0.8–1.4) 

Multiparous: RR = 0.5 (0.4–0.6) 

Interpregnancy interval ≤ 3 

years: RR = 0.4 (0.3–0.6) 

Interpregnancy interval > 3 

years: RR = 0.6 (0.4–0.8) 

 

No of foetuses: 

Single: RR = 1.0 (ref) 

Multiple (≥ 2): RR = 1.9 (1.2–2.9) 

Twins: RR = 1.7 (1.0–2.6) 

Triplets: RR = 4.6 (1.8–11.4) 

 

Pre-pregnancy weight (lbs): 

< 120: RR = 1.00 (ref) 

120–135: RR = 1.1 (0.8–1.5) 

135–150: RR = 1.8 (1.3–2.5) 

> 150: RR = 2.5 (1.9–3.4) 

 

Maternal BMI: 

< 20: RR = 1.00 (ref) 

20–27: RR = 1.8 (1.2–2.3) 

> 27: RR = 3.1 (2.2–4.4) 

 

Diabetes: 

No: RR = 1.00 (ref) 

Yes: RR = 1.3 (0.8–1.9) 

 

Smokers:  

Never: RR = 1.00 (ref) 

No Very low III-2 Multiparity appears to be 

associated with a reduced 

probability of GH and pre-

eclampsia in an ART 

pregnancy 

 

A multiple pregnancy is 

associated with an increased 

probability of GH and pre-

eclampsia in an ART 

pregnancy 

 

High maternal weight and 

BMI are associated with 

increased probability of GH 

in an ART pregnancy 

  

Early menarche is associated 

with an increased probability 

of GH and pre-eclampsia in 

an ART pregnancy 

 

No strong evidence of an 

association with GH and pre-

eclampsia was identified in 

IVF pregnancies for diabetes, 

smoking, coffee, education, 

family income, race and 

maternal age 
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Before pregnancy: RR = 1.0 (0.8–

1.3) 

During pregnancy: RR = 1.1 (0.8–

1.5) 

 

Coffee: 

Never: RR = 1.00 (ref) 

Before pregnancy: RR = 0.9 (0.7–

1.1) 

During pregnancy: RR = 1.3 (1.0–

1.7) 

 

Race:  

White: RR = 1.00 (ref) 

Black: RR = 0.8 (0.5–1.3) 

Other: RR = 0.7 (0.5–0.9) 

 

Menarche:  

≥ 12 years: RR = 1.0 (ref) 

< 12 years: RR = 1.4 (1.1–1.7)  

 

Maternal age:  

< 25: RR = 1.0 (ref) 

25–30: RR = 1.0 (0.7–1.3) 

31–35: RR = 0.9 (0.7–1.3) 

> 35: RR = 1.0 (0.7–1.5) 

 

Education (y): 

< 13: RR = 1.00 (ref) 

13–15: RR = 0.9 (0.6–1.2) 

> 15: RR = 1.1 (0.8–1.4) 

 

Family income: 

< $45,000: RR = 1.00 (ref) 

> $45.000: RR = 0.9 (0.7–1.1) 

Unknown: RR = 0.7 (0.5–1.1) 

 

Pre-eclampsia 

Gravidity: 
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Primigravida: RR = 1.00 (ref) 

Primiparous: RR = 1.3 (0.9–2.1) 

Multiparous: RR = 0.3 (0.2–0.5) 

Interpregnancy interval ≤ 3 

years: RR = 0.3 (0.2–0.5) 

Interpregnancy interval > 3 

years: RR = 0.4 (0.2–0.7) 

 

No of foetuses: 

Single: RR = 1.0 (ref) 

Multiple (≥ 2): RR = 2.5 (1.4–4.8) 

Twins: RR = 2.3 (1.2–4.7) 

Triplets: RR = 4.8 (1.3–17.4) 

 

Pre-pregnancy weight (lbs): 

< 120: RR = 1.00 (ref) 

120–135: RR = 1.1 (0.6–1.9) 

135–150: RR = 2.0 (1.2–3.5) 

> 150: RR = 1.7 (1.0–3.0) 

 

Maternal BMI: 

< 20: RR = 1.00 (ref) 

20–27: RR = 1.3 (0.7–2.2) 

> 27: RR = 1.4 (0.8–2.6) 

 

Diabetes: 

No: RR = 1.00 (ref) 

Yes: RR = 1.8 (0.9–3.5) 

 

Smokers:  

Never: RR = 1.00 (ref) 

Before pregnancy: RR = 1.3 (0.8–

1.9) 

During pregnancy: RR = 1.6 (1.0–

2.6) 

 

Coffee: 

Never: RR = 1.00 (ref) 

Before pregnancy: RR = 0.9 (0.6–

1.4) 

During pregnancy: RR = 1.7 (1.0–
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2.7) 

 

Race:  

White: RR = 1.00 (ref) 

Black: RR = 0.9 (0.4–1.9) 

Other: RR = 0.5 (0.3–1.0) 

 

Menarche:  

≥ 12 years: RR = 1.0 (ref) 

< 12 years: RR = 1.8 (1.2–2.7)  

 

Maternal age:  

< 25: RR = 1.0 (ref) 

25–30: RR = 0.9 (0.5–1.6) 

31–35: RR = 1.0 (0.5–1.8) 

> 35: RR = 0.9 (0.4–1.7) 

 

Education (y): 

< 13: RR = 1.00 (ref) 

13–15: RR = 1.2 (0.7–2.1) 

> 15: RR = 1.5 (0.9–2.6) 

 

Family income: 

< $45,000: RR = 1.00 (ref) 

> $45.000: RR = 0.8 (0.5–1.2) 

Unknown: RR = 0.9 (0.4–1.8) 

Luke et al., 

2004 

Retrospective 

cohort study 

 Multiple 

hospitals 

Pre-eclampsia: 

Nulliparity vs. multiparity: 

aOR = 2.72 (1.34–5.49) 

 

Yes, for study 

site, year of 

delivery, race 

and ethnicity, 

insurance, 

maternal age, 

height, pre-

pregnancy 

weight, 

maternal 

weight gain, 

males per twin 

pair, placental 

Very low III-2 Nulliparity is associated with 

an increased risk of pre-

eclampsia after ART 

compared to multiparity 
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membranes, 

smoking status 

and cerclage 

ART: assisted reproductive technology; SC: spontaneous conception; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; RR: relative risk; ET: embryo transfer; 

FET: frozen embryo transfer; SET: single embryo transfer; DET: double embryo transfer; BMI: body mass index; GH: gestational hypertension; OR: odds ratio; aOR: adjusted 

odds ratio; PE: pre-eclampsia  
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Table 7a: Incidence of placental abnormalities in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 8 

studies provided 

data on placenta 

previa (ART = 

2491 vs. SC = 

2305) and 5 

studies on 

placental 

abruption (ART = 

2491 vs. SC = 

1903) 

Not applicable Placenta previa: 

RR = 1.52 (0.94–2.44) 

 

Placental abruption: 

RR = 1.04 (0.42–2.59) 

No Very low III-2 In multiple 

pregnancies, no 

difference in the risk 

of placenta previa 

and placental 

abruption could be 

detected after ART 

compared to 

spontaneous 

conception 

Räisanen et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 291,004 

singleton 

pregnancies  

 

Cohorts: 

IVF = 5647  

Non-IVF = 

285,357 

Medical Birth 

Register, Finland 

Placenta previa: 

IVF: aOR = 4.97 (3.94–6.27) 

 

Yes, for 

maternal age, 

parity, 

smoking 

status, 

gestational 

diabetes, 

maternal 

diabetes 

mellitus, pre-

eclampsia and 

socio-

economic 

status 

Very low III-2 The risk of placenta 

previa is increased 

in singleton IVF 

pregnancies 

compared to non-

IVF singleton 

pregnancies 

Tsutsumi et al., 

2012 

Retrospective 

cohort study 

N = 564 

singleton 

pregnancies in 

infertile patients  

 

Cohorts: 

Reproductive 

medicine unit 

and various 

hospitals 

Placenta previa: 

ART: PPR = 5.4% vs. 

Non-ART: PPR = 1.4% 

P = 0.023 

OR = 4.0 (1.2–13.7) 

 

No Very low III-2 The probability of 

placenta previa but 

not of placental 

abruption was not 

different in 

singleton 
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ART = 351  

Non-ART = 213  

 

Placental abruption: 

ART: PAR = 0.6% vs. 

Non-ART: PAR = 0.5% 

P = 1.0 

OR = 1.2 (0.1–13.4) 

 

 

pregnancies after 

ART in infertile 

patients compared 

to singleton 

pregnancies 

conceived without 

the use of ART in 

infertile patients 

Sazonova et al., 

2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 Fresh 

ET = 8944  

Swedish Medical 

Birth Register 

Placenta previa: 

General population: aOR = 1 

(ref) 

FET SET/DET: aOR = 1.22 (0.73–

2.04) 

FET SET: aOR = 1.24 (0.68–2.26) 

 

Placental abruption: 

General population: aOR = 1 

(ref) 

FET SET/DET: aOR = 1.21 (0.69–

2.1) 

FET SET: aOR = 1.17 (0.57–2.38) 

Yes, for year of 

birth, maternal 

age, parity, 

smoking 

status, BMI 

and years of 

involuntary 

childlessness 

Low III-2 The risk of placenta 

previa and placental 

abruption in 

singleton 

pregnancies after 

FET is not different 

compared to 

singleton 

pregnancies in the 

general population  

Raatikainen et 

al., 2012 

Retrospective 

cohort study 

N = 1356 

 

Cohorts: 

ART = 428  

SC = 928 

spontaneously 

conceived 

pregnancies after 

≥ 2 years of 

attempting to 

conceive 

Tertiary level 

obstetric referral 

centre 

Placenta previa: 

ART PPR = 2.6% vs. 

SC ≥ 2 years’ time to 

pregnancy PPR: 1.5%,  

P = 0.18 

 

No Very low III-2 The risk of placenta 

previa in 

pregnancies after 

ART is not different 

compared to that in 

pregnancies in 

patients with a 

time-to-pregnancy 

of ≥ 2 years. 

Hayashi et al., 

2012 

Retrospective 

cohort study 

N = 4570 

singleton 

pregnancies and 

4264 

spontaneously 

conceived control 

singleton 

pregnancies  

Perinatal 

database of 

Japanese Society 

of Obstetrics 

and Gynecology 

Placental abruption 

SC: aOR = 1.00 (ref) 

IVF-ET: aOR = 1.21 (0.79–1.87) 

 

Placenta previa 

SC: aOR = 1.00 (ref) 

IVF-ET: aOR = 2.2 (1.68–2.87) 

Placenta accreta 

Yes, for 

maternal age, 

parity, pre- 

pregnancy 

height and 

weight, 

smoking 

status, alcohol 

Low III-2 The risk of placenta 

previa and placenta 

accreta is increased 

in pregnancies after 

ART compared to 

pregnancies 

conceived naturally 
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SC: aOR = 1.00 (ref) 

IVF-ET: aOR = 2.67 (1.42–5.03) 

 

consumption, 

and pre-

existing 

maternal 

diseases such 

as respiratory 

disease, 

cardiovascular 

complications, 

diabetes, 

hypertension, 

thyroid 

disease, renal 

disease, and 

gynaecologic 

disease 

The risk of placental 

abruption is not 

different in 

pregnancies after 

ART compared to 

pregnancies 

conceived naturally  

 

Huang et al., 

2011 

Retrospective 

population-

based cohort 

study 

N = 21,234 live 

births  

ART = 366  

SC = 20,868  

Taiwan birth 

registration 

database 

Placenta previa 

Non-ART: RR = 1.00 (ref) 

ART: RR = 3.23 (2.08–5.00) 

 

Placental abruption: 

Non-ART: RR = 1.00 (ref) 

ART: RR = 1.96 (0.64–5.88) 

 

No Very low III-2 The risk of placenta 

previa is increased 

in pregnancies after 

ART compared to 

pregnancies 

conceived naturally 

 

The risk of placental 

abruption is not 

significantly 

different in 

pregnancies after 

ART compared to 

pregnancies 

conceived naturally 

Esh-Broder et al., 

2011 

Retrospective 

cohort study 

N = 25,193 

deliveries  

 

Cohorts: 

IVF = 752  

SC = 24,441 

University-

affiliated tertiary 

care centre 

Placenta accreta: 

SC: OR = 1.00 (ref) 

IVF: OR = 13.2 (6.7–25.8) 

No Very low III-2 The risk of placenta 

accreta is increased 

in pregnancies after 

ART compared to 

pregnancies 

conceived naturally.  

 

Welmerink et al., Population- N = 13,171 live Washington Placenta previa: Yes, adjusted Very low III-2 The risk of placenta 
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2010 based cohort 

study using 

linked birth 

certificate–

hospital 

discharge data 

singleton infants  

 

Cohorts: 

IVF = 2182  

SC = 10,989 

State SC: aRR = 1.00 (ref) 

IVF pregnancies: aRR = 3.0 

(2.0–4.7) 

 

Placental abruption: 

SC: aRR = 1.00 (ref) 

IVF pregnancies: aRR = 1.6 

(1.1–2.5) 

for birth year, 

maternal age 

and parity 

previa and placental 

abruption is 

increased in 

pregnancies after 

ART compared to 

pregnancies 

conceived naturally  

 

Pelkonen et al., 

2010 

Retrospective 

registry-based 

cohort study 

N = 38,930 

children born  

 

Cohorts: 

Fresh IVF = 4151 

FET = 2293  

SC = 31,946 

Medical Birth 

Register, Finland 

Placental disturbance in 

singleton pregnancies 

(placental abruption and 

placenta previa): 

SC: aOR = 1.00 (ref) 

Fresh IVF: aOR = 3.27 (2.28–

4.70) 

FET: aOR = 2.44 (1.52–3.93) 

Yes, for 

maternal age, 

parity and 

socio-

economic 

status 

Very low III-2 The risk of placenta 

previa and placental 

abruption is 

increased in 

pregnancies after 

ART compared to 

pregnancies 

conceived naturally  

Healy et al., 2010 Retrospective 

cohort study 

N = 6730 

singleton 

pregnancies after 

IVF/ICSI 

ART registry and 

Victorian 

Perinatal Data 

Collection Unit 

Placenta previa: 

SC: aOR = 1.00 (ref) 

IVF/ICSI: aOR = 2.34 (1.87–2.92) 

 

Placental abruption: 

SC: aOR = 1.00 (ref) 

IVF/ICSI: aOR = 2.07 (1.44–2.98) 

 

Yes, age, year 

of birth, 

marital status, 

parity, any 

miscarriages 

or 

terminations 

of pregnancy, 

vertex 

presentation, 

tertiary and 

private health 

status  

Low III-2 Singleton 

pregnancies after 

IVF/ICSI are at a 

significantly higher 

risk of placenta 

previa and placental 

abruption 

compared to 

singleton 

pregnancies 

conceived 

spontaneously 

Fujii et al., 2010 Cross-sectional 

study 

N = 53,939 

singleton births 

from SC and 1408 

singletons from 

IVF 

Registry 

database of 

Japan Society of 

Obstetrics and 

Gynecology 

Placenta previa: 

IVF: PPR = 4.7%  

SC: PPR = 1.5% 

P < 0.001 

No Very low III-2 Singleton 

pregnancies after 

IVF/ICSI are at a 

significantly higher 

risk of placenta 

previa compared to 

singleton 

pregnancies 

conceived 

spontaneously 

Sun et al., 2009 Retrospective N = 4303 Niday Perinatal Placental abruption: Yes, smoking Very low III-2 Singleton 
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population-

based cohort 

study 

singleton 

pregnancies  

 

Cohorts: 

IVF = 870  

SC = 3433 

Database, 

Ontario 

SC: aOR = 1.00 (ref) 

IVF: aOR = 1.26 (0.54–2.92) 

during the 

pregnancy, 

initiating 

prenatal care 

in the first 

trimester, 

delivery 

hospital level, 

and average 

economic in- 

comes, foetal 

sex and 

previous 

caesarean 

delivery 

pregnancies after 

IVF do not appear 

to have a different 

risk of placental 

abruption 

compared to 

spontaneously 

conceived 

pregnancies 

Allen et al., 2008 Retrospective 

cohort study 

N = 21,920 

 

Cohorts: 

IVF = 1182  

SC = 20,648  

Reproductive 

medicine units 

Placenta previa: 

IVF vs. SC: RR = 6.47 (4.4–9.6) 

No Very low III-2 Pregnancies after 

IVF appear to have 

an increased risk of 

placenta previa 

compared to 

spontaneously 

conceived 

pregnancies 

Suzuki et al., 

2007 

Retrospective 

cohort study 

N = 938 

singleton 

pregnancies (IVF 

= 89 and SC = 

849) in elderly (> 

35 years) 

primipara 

Hospital Placenta previa: 

IVF: PPR = 1.1% 

SC: PPR = 1.2% 

p = 0.96 

Placental abruption: 

IVF: PPR = 3.4% 

SC: PPR = 1.2% 

p = 0.09 

 

No Very low III-2 Pregnancies after 

IVF appear to have 

similar risk of 

placenta previa and 

placental abruption 

compared to 

spontaneously 

conceived 

pregnancies 

Romundstad et 

al., 2006 

Retrospective 

population-

based cohort 

study 

N = 852,952 

 

Cohorts: 

IVF = 7568  

SC = 845,384  

Medical birth 

registry  

Placenta previa 

in singleton pregnancies: 

SC: aOR = 1.00 (ref) 

ART: aOR = 5.6 (4.4–7.0) 

 

In twin pregnancies: 

SC: aOR = 1.00 (reF) 

Yes, maternal 

age, parity, 

previous 

caesarean 

section and 

time interval 

between 

Very low III-2 Pregnancies after 

IVF (singleton and 

twins) appear to 

have an increased 

risk of placenta 

previa compared to 

spontaneously 



 

 
 

69 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE

ART: aOR = 2.9 (1.5–5.8) 

 

Among same mother: 

SC: aOR = 1.00 (ref) 

ART: aOR = 2.9 (1.4–6.1) 

 

pregnancies conceived 

pregnancies 

Shevell et al., 

2005 

Prospective 

multicentre 

cohort study 

N = 34,840 

 

Cohorts: 

IVF = 554  

SC = 34,286  

Multiple centres Placenta previa 

SC: aOR = 1.00 (ref) 

IVF: aOR = 6.0 (3.4–10.7) 

 

Placental abruption: 

SC: aOR = 1.00 (ref) 

IVF: aOR = 2.4 (1.1–5.2) 

 

No Very low III-2 Singleton 

pregnancies after 

IVF appear to have 

an increased risk of 

placenta previa and 

placental abruption 

compared to 

spontaneously 

conceived 

pregnancies 

Kallen et al., 

2005 

Retrospective 

registry-based 

study 

N = 1,556,373 

 

Cohorts: 

IVF = 13,261  

SC = 1,543,112  

Multiple IVF 

clinics and 

Swedish Medical 

Birth Register 

Placenta previa: 

SC: aOR = 1.00 (ref) 

IVF: aOR = 3.7 (3.2–4.2) 

 

Placental abruption: 

SC: aOR = 1.00 (ref) 

IVF: aOR = 2.2 (1.7–2.7) 

Yes, year of 

birth, maternal 

age, parity and 

smoking status 

Very low III-2 Pregnancies after 

IVF appear to have 

an increased risk of 

placenta previa and 

placental abruption 

compared to 

spontaneously 

conceived 

pregnancies 

Agarwal et al., 

2005 

Prospective 

cohort study 

N = 188 

pregnancies 

 

Cohorts: 

ICSI = 41  

SC = 147  

Tertiary care 

perinatal centre 

Placenta previa: 

Singleton:  

SC: PPR = 0.7% vs. 

ICSI: PPR = 7.3% 

p = 0.03 

 

Multiples:  

SC: PPR = 0.0% vs. 

ICSI: PPR = 5.7% 

p = 0.05 

No Very low III-2 Pregnancies after 

ICSI (singleton and 

multiples) appear to 

have an increased 

risk of placenta 

previa compared to 

spontaneously 

conceived 

pregnancies 

Katalinic et al., 

2004 

Prospective, 

controlled 

multicentred 

study 

N = 11,388 

 

3372 pregnancies 

> 16th week of 

gestation and 

Tertiary infertility 

centres in 

Germany 

Placenta previa: 

All pregnancies: 

SC: RR = 1.00 (ref) 

ICSI: RR = 5.68 (3.59–9.01) 

 

No Very low III-2 Pregnancies after 

ICSI (singleton and 

multiples) appear to 

have an increased 

risk of placenta 
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8016 pregnancies 

> 16th week of 

gestation after SC 

Singleton pregnancies: 

SC: RR = 1.00 (ref) 

ICSI: RR = 6.42 (4.03–10.22) 

 

Placental abruption: 

All pregnancies: 

SC: RR = 1.00 (ref) 

ICSI: RR = 2.08 (1.50–2.89) 

 

Singleton pregnancies: 

SC: RR = 1.00 (ref) 

ICSI: RR = 1.81 (1.26–2.60) 

previa and placental 

abruption 

compared to 

spontaneously 

conceived 

pregnancies 

Jackson et al., 

2004 

Systematic 

review and 

meta-analysis 

N = 15 studies 

with 12,283 IVF 

pregnancies and 

1.9 million 

spontaneously 

conceived 

pregnancies – 6 

studies (IVF = 

1610 and SC = 

2382) offered 

data for placenta 

previa  

Not applicable IVF vs. SC: OR = 2.87 (1.54–

5.37) 

No Low III-2 Pregnancies after 

IVF appear to have 

an increased risk of 

placenta previa 

compared to 

spontaneously 

conceived 

pregnancies 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; OR: odds ratio; aOR: adjusted odds ratio; RR: relative risk; aRR: 

adjusted relative risk; ET: embryo transfer; FET: frozen embryo transfer; SET: single embryo transfer; DET: double embryo transfer; BMI: body mass index; SC: 

spontaneous conception; PAR: placental abruption risk; PPR: placenta previa risk 
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Table 7b: Risk factors for placental abnormalities in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Rombauts et 

al., 2014 

Retrospective 

cohort study 

N = 4537 

singleton births 

(2006–2012)  

 

Cohorts: 

Fresh IVF = 2951  

HRT FET = 355 

NAT FET = 1231 

Private 

reproductiv

e medicine 

unit 

Placenta previa: 

Univariate analyses: 

Stage of embryo at ET: 

Blastocyst: OR = 1.00 (ref) 

Cleavage: OR = 0.71 (0.47–1.08) 

 

Previous births: 

0: OR = 1.00 (ref) 

1: OR = 1.30 (0.77–2.17) 

> 1: OR = 0.66 (0.21–2.09) 

 

Age (years): 

< 30: OR = 1.0 (ref) 

30–35: OR = 1.32 (0.77–2.26) 

35–40: OR = 1.19 (0.69–2.08) 

> 40: OR = 0.60 (0.23–1.53) 

 

Smoking:  

No: OR = 1.00 (ref) 

Yes: OR = 2.33 (1.01–5.36) 

 

Endometriosis: 

No: OR = 1.00 (ref) 

Yes: OR = 2.01 (1.27–3.19) 

 

Cycle type:  

Fresh ET: OR = 1.00 (ref) 

HRT FET: OR = 0.89 (0.48–1.63) 

NAT FET: OR = 0.44 (0.27–0.70) 

 

Endometrial thickness (for fresh 

ET and HRT FET only): 

< 9 mm: OR = 1.00 (ref) 

9–12 mm: OR = 1.99 (1.10–3.60) 

> 12 mm: 3.78 (1.93–7.41) 

 

Yes, in the 

multivariable 

model an 

adjustment for 

all the 

included 

independent 

variables has 

been made 

Low III-2 The risk of placenta 

previa in singleton 

pregnancies after ART 

is increased with 

increasing 

endometrial 

thickness, smoking 

and the presence of 

endometriosis 
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Ovarian response (fresh ET only): 

< 7: OR = 1.00 (ref) 

7–12: OR = 1.01 (0.60–1.69) 

> 12 mm: OR = 1.08 (0.65–1.80) 

 

Maximum E2 (pmol/L): 

< 2000: OR = 1.00 (ref) 

2000–4000: OR = 0.76 (0.44–

1.31) 

4000–6000: OR = 1.16 (0.65–

2.07) 

> 6000: OR = 1.23 (0.72–2.11) 

 

Multivariable analyses: 

Endometrial thickness:  

< 9 mm: OR = 1.00 (ref) 

9–12 mm: OR = 2.06 (1.14–3.73) 

> 12 mm: OR = 3.84 (1.95–7.56) 

 

Smoking:  

No: OR = 1.00 (ref) 

Yes: OR = 2.58 (1.07–6.24) 

 

Endometriosis: 

No: OR = 1.00 (ref) 

Yes: OR = 2.01 (1.21–3.3) 

 

Stage of embryo at ET: 

Blastocyst: OR = 1.00 (ref) 

Cleavage: OR = 0.68 (0.43–1.07) 

 

Type of cycle: 

Fresh ET: OR = 1.00 (ref) 

HRT FET: OR = 1.13 (0.61–2.10) 

Isihara et al., 

2014 

Retrospective 

registry-based 

N = 277,042 

pregnancies 

after SET (2008–

2010) 

Japanese 

registry of 

ART 

Placenta previa 

Maternal age: 

aOR = 1.05 (1.02–1.08) 

FET vs. fresh: 

aOR = 0.91 (0.70–1.19) 

Yes, adjusted 

for maternal 

age, FET vs. 

fresh, 

blastocyst vs. 

Very low III-2 Maternal age is 

associated with an 

increased risk of 

placenta previa, but 

not with placental 
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Blastocyst vs. cleavage stage at 

ET: 

aOR = 0.90 (0.69–1.19) 

Male or female gender: 

aOR = 0.93 (0.76–1.15) 

 

Placental abruption 

Maternal age: 

aOR = 1.04 (0.99–1.10) 

FET vs. fresh: 

aOR = 0.65 (0.41–1.04) 

Blastocyst vs. cleavage stage at 

ET: 

aOR = 0.70 (0.43–1.11) 

Male or female gender: 

aOR = 1.27 (0.87–1.89) 

 

Placenta accreta 

Maternal age: 

aOR = 0.99 (0.94–1.05) 

FET vs. fresh: 

aOR = 3.16 (1.71–6.23) 

Blastocyst vs. cleavage stage at 

ET: 

aOR = 0.93 (0.54–1.67) 

Male or female gender: 

aOR = 0.79 (0.52–1.19) 

 

cleavage, male 

vs. female 

gender 

 

abruption or placenta 

accreta 

 

A FET cycle is 

associated with an 

increased risk of 

placenta accreta but 

not placenta previa 

and placental 

abruption compared 

to a fresh ET 

 

Transferring an 

embryo at the 

blastocyst stage is not 

associated with the 

probability of 

placenta previa, 

placental abruption 

or placenta accreta in 

the subsequent 

pregnancy  

 

The gender of the 

foetus is not 

associated with 

placenta previa, 

placental abruption 

or placenta accreta in 

ART pregnancies 

Takemura et 

al., 2013 

Retrospective 

cohort study 

N = 318 

pregnancies 

conceived after 

ART 

University 

reproductiv

e medicine 

unit 

Placenta previa: 

Age: OR = 1.2 (1.0–1.5) 

Gravidity: OR = 0.8 (0.1–4.1) 

Parity: OR = 0.9 (0.2–4.3) 

Previous abortion: OR = 0.3 

(0.01–6.1) 

Previous caesarean delivery: OR 

= not estimable 

Male foetus: OR = 2.0 (0.6–14.9) 

Endometriosis: OR = 15.1 (7.6–

500.0) 

No Very low III-2 Maternal age, 

gravidity, parity, 

foetal gender, 

ovulatory disorder 

and male infertility 

are not associated 

with an increased risk 

of placenta previa 

 

The presence of 

endometriosis and 
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Tubal disease: OR = 4.4 (1.1–

26.3) 

Ovulatory disorder: OR = 8.5 

(0.5–137.8) 

Male infertility: OR = 0.4 (0.07–

1.5 

the presence of tubal 

disease seem to 

increase the risk of 

placenta previa after 

ART 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 2 

studies offering 

data for placenta 

previa and 

placental 

abruption (2742 

pregnancies 

after blastocyst 

ET vs. 10,401 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

Placenta previa: 

Blastocyst vs. cleavage stage at 

ET:  

RR: 1.17 (0.92–1.48) 

 

Placental abruption: 

Blastocyst vs. cleavage stage at 

ET:  

RR: 1.45 (0.82–2.58) 

 

No Very low III-2 The risk of placenta 

previa and placental 

abruption in 

singleton pregnancies 

after ART is not 

associated with the 

developmental stage 

of the embryo 

(blastocyst vs. 

cleavage) at transfer. 

Pelkonen et al., 

2010 

Retrospective 

registry-based 

cohort study 

N = 38,930 

children born  

 

Cohorts: 

Fresh IVF = 4151  

FET = 2293  

SC = 31,946 

Medical 

Birth 

Register, 

Finland 

Placental disturbance in 

singleton pregnancies (placental 

abruption and placenta previa) 

Fresh IVF: aOR = 1.00 (ref) 

FET: aOR = 0.75 (0.45–1.25) 

 

 

Yes, for 

maternal age, 

parity and 

socio-

economic 

status 

Very low III-2 The risk of placenta 

previa and placental 

abruption is not 

different in 

pregnancies after FET 

compared to 

pregnancies after a 

fresh ET 

Healy et al., 

2010 

Retrospective 

cohort study 

N = 6730 

singleton 

pregnancies 

after IVF/ICSI 

ART 

registry and 

Victorian 

Perinatal 

Data 

Collection 

Unit  

Placenta previa 

Fresh vs. FET: aOR = 1.40 (1.00–

1.95) 

Fresh vs. FET (natural): aOR = 

1.37 (0.96–1.95) 

Female infertility: aOR = 1.55 

(1.13–2.12) 

Endometriosis: aOR = 1.65 

(1.18–2.32) 

Ovulatory disorder: aOR = 1.14 

Yes, maternal 

age, year of 

birth, country 

of birth Asia 

and Middle 

East, marital 

status, parity, 

any 

miscarriages or 

terminations 

Low III-2 Fresh embryo transfer 

compared to frozen-

thawed ET is not 

associated with a 

higher probability of 

placenta previa or 

placental abruption 

 

Female infertility and 

endometriosis are 
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(0.75–1.74) 

Tubal disease: aOR = 1.41 (1.00–

1.98) 

ICSI vs. IVF: aOR = 0.72 (0.52–

1.00) 

SET vs. DET: aOR = 1.08 (0.71–

1.65) 

> 2 ET vs. DET: aOR = 1.42 (0.91–

2.22) 

Luteal phase hCG: aOR = 1.26 

(0.87–1.82) 

Progesterone LPS: aOR = 0.82 

(0.53–1.27) 

> 1 foetal heart vs. 1 foetal 

heart: aOR = 0.69 (0.28–1.70) 

Average cell number 4 vs. 

average cell number > 4: aOR = 

1.30 (0.82–2.08) 

Average cell number 4 vs. 

average cell number < 4: aOR = 

1.26 (0.88–1.79) 

 

Placental abruption 

Fresh vs. FET (natural): aOR = 

2.56 (1.25–5.27) 

 

 

of pregnancy, 

vertex 

presentation, 

tertiary and 

private 

hospital status 

associated with a 

higher risk of 

placenta previa, 

whereas no 

association was 

detected for tubal 

disease and ovulatory 

disorders 

 

Luteal phase support 

with hCG or 

progesterone does 

not seem to be 

associated with the 

probability of 

placenta previa when 

compared to no LPS  

 

The developmental 

stage of embryo at 

transfer and the 

number of embryos 

at transfer do not 

seem to be 

associated with the 

probability of 

placenta previa in 

singleton IVF 

pregnancies 

Poikkeus et al., 

2007 

Retrospective 

cohort study 

N = 15,536 

 

Cohorts: 

Fresh ET = 269 

DET = 230 and 

SC = 15,037 

(1997–2003) 

Infertility 

clinic and 

Medical 

Birth 

Register, 

Finland 

Placenta previa 

SET: PPR = 2.6% vs. 

DET: PPR = 2.6% 

p = 1.00 

 

Placental abruption 

SET: PAR = 0% 

DET: PAR = 2.2% 

p = 0.02 

 

No Very low III-2 Single embryo 

transfer is not 

associated with the 

occurrence compared 

to double embryo 

transfer 

 

Single embryo 

transfer is associated 

with a significantly 

decreased probability 

of placental abruption 
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compared to double 

embryo transfer 

Hourvitz et al., 

2005 

Retrospective 

cohort study 

N = 219 

deliveries after 

ICSI compared 

with 145 

deliveries after 

IVF 

Reproducti

ve medicine 

unit 

Placenta previa 

IVF: PPR = 1.5% vs. 

ICSI: PPR = 3.5% 

p = NS 

 

Placenta; abruption 

IVF: PAR = 2.3% vs. 

ICSI: PAR = 1.5% 

p = NS 

No Very low III-2 The probability of 

placenta previa and 

placental abruption 

does not seem to be 

dependent on the 

type of fertilisation 

(IVF or ICSI) 

 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; ET: embryo transfer; HRT: hormone replacement therapy; OR: 

odds ration; aOR: adjusted odds ratio; RR: relative risk; FET: frozen embryo transfer; NS: not significant; SET: single embryo transfer; DET: double embryo transfer; NAT 

FET: natural frozen embryo transfer; PAR: placental abruption risk; PPR: placenta previa risk; E2: oestradiol; SC: spontaneous conception; LPS: luteal phase support; hCG: 

human chorionic gonadotropin



 

 
 

77 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE

Table 8a: Incidence of gestational diabetes mellitus in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 10 

studies provided 

data on GDM 

disorders (ART = 

2430 vs. SC = 

5826) 

Not applicable GDM in multiple pregnancies: 

ART vs. SC:  

RR = 1.78 (1.25–2.55) 

No Very low III-2 In multiple 

pregnancies, an 

increase in the risk 

of gestational 

diabetes mellitus is 

observed after ART 

compared to 

spontaneously 

conceived multiple 

pregnancies 

Declercq et al., 

2015 

Longitudinal 

cohort study 

N = 334,628 

births and foetal 

deaths (2004–

2008)  

Massachusetts 

ART clinics and 

Massachusetts 

Pregnancy to 

Early Life 

Longitudinal 

data system 

Gestational diabetes mellitus: 

Singletons: 

Subfertile ART: 2.0%  

 vs. subfertile no ART: 1.9% 

p = 0.64 

 

Twins:  

Subfertile ART: 9.9%  

 vs. subfertile no ART: 10.8% 

p = 0.36 

 

No Very low III-2 A difference in the 

incidence of 

gestational diabetes 

mellitus does not 

seem to be present 

in ART pregnancies 

(singletons or twins) 

compared to 

pregnancies in 

subfertile couples 

without the use of 

ART 

Toshimitsu et al., 

2014 

Retrospective 

cohort study 

N = 780 

singleton 

deliveries  

 

Cohorts: 

≥ 40 years = 330  

30–34 years = 

450 

Tertiary perinatal 

centre in a 

university 

hospital 

GDM: 

Maternal age ≥ 40 years: 

SC: GDMR: 2.1% vs. 

IVF/ICSI: GDMR: 1.1% 

P = 0.56 

 

Maternal age 30–34 years: 

SC: GDMR: 0.5% vs. 

IVF/ICSI: GDMR: 0% 

P = 0.61 

No Very low III-2 In women 40 and in 

women 30–34 years 

old or older with a 

singleton 

pregnancy, the 

chance of GDM is 

not different after 

ART compared to 

spontaneous 

conception 

Wang et al., 

2013 

Retrospective 

population-

based cohort 

N = 400,392 

mothers that 

delivered in 

National 

Perinatal Data 

Collection, 

GDM overall: 

Non-ART: aOR = 1.00 (ref) 

ART: aOR = 1.28 (1.20–1.37) 

Yes, for age, 

parity, BMI, 

health 

Low III-2 In women with ART 

pregnancies, the 

probability of GDM 
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study Australia (2007–

2009)  

 

Cohorts: 

ART = 13,732  

Non-ART = 

386,660 

Australia  

GDM singletons only: 

Non-ART: aOR = 1.00 (ref) 

ART: aOR = 1.26 (1.18–1.36) 

 

insurance, 

smoking 

during 

pregnancy and 

essential 

hypertension 

is higher than in 

women with 

spontaneously 

conceived 

pregnancies 

 

Räisanen et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 291,004 

singleton 

pregnancies  

 

Cohorts: 

IVF = 5647  

Non-IVF = 

285,357 

Medical Birth 

Register, Finland 

GDM IVF vs. non-IVF: 

IVF = 8.9%  

Non-IVF = 8.4% 

p = 0.18 

No Very low III-2 The risk of GDM is 

not different 

between singleton 

IVF pregnancies and 

singleton non-IVF 

pregnancies 

Poon et al., 2013 Retrospective 

cohort study 

N = 17,510 

pregnancies  

 

Cohorts: 

SC = 16,335  

ART = 536  

Hospital GDM ART vs. SC: 

SC: OR = 1.00 (ref) 

ART: OR = 2.10 (1.67–2.64) 

No Very low III-2 The risk of 

gestational diabetes 

mellitus is increased 

in pregnancies after 

ART when 

compared with 

spontaneously 

conceived 

pregnancies 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561  

SC = 600  

University ART 

unit 

Risk of GDM: 

Spontaneous: aOR = 1.00 (ref) 

IVF: aOR = 1.01 (0.58-1.78) 

ICSI: aOR = 0.99 (0.61-1.61) 

Yes, maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 The risk of 

gestational diabetes 

mellitus does not 

seem to be different 

in ART singleton 

pregnancies when 

compared with 

spontaneously 

conceived 

pregnancies 
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Abdel-Latif et al., 

2013 

Population-

based 

retrospective 

cohort study 

N = 1,473 

pregnancies 

resulting in a live 

birth at <29 

weeks of 

gestation 

 

Cohorts: 

SC = 1256 

ART = 217 

Not applicable ART vs. SC: 

ART: GDMR = 4.1% vs. 

SC: GDMR = 1.9% 

P = 0.07 

No Very low III-2 The probability of 

gestational diabetes 

mellitus in 

pregnancies that 

resulted in the 

delivery of a live 

infant at <29 weeks 

of gestation was not 

significantly 

different between 

those conceived 

spontaneously and 

those after assisted 

conception  

Sazonova et al., 

2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 Fresh 

ET = 8944  

Swedish Medical 

Birth Register 

Gestational diabetes mellitus 

General population: aOR = 1 

(ref) 

FET SET/DET: 0.95 (0.66–1.38) 

FET SET: aOR = 0.68 (0.40–1.16) 

Yes, for year of 

birth, maternal 

age, parity, 

smoking 

status, BMI 

and years of 

involuntary 

childlessness 

Low III-2 The risk of GDM in 

singleton 

pregnancies after 

FET is not different 

to singleton 

pregnancies in the 

general population  

Raatikainen et 

al., 2012 

Retrospective 

cohort study 

N = 1356 

 

Cohorts: 

ART = 428  

SC = 928 

spontaneously 

conceived 

pregnancies after 

≥ 2 years of 

attempting to 

conceive 

Tertiary level 

obstetric referral 

centre 

Gestational diabetes mellitus 

ART GDMR = 9.1% 

SC ≥ 2 years’ time to 

pregnancy GDMR = 9.8% 

P = 0.69 

 

No Very low III-2 The risk of GDM in 

pregnancies after 

ART is not different 

compared to that in 

pregnancies in 

patients with a 

time-to-pregnancy 

of ≥ 2 years  

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.48 (1.33–1.66) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.53 (1.36–1.72) 

Yes, in 4 

studies 

matching was 

performed for 

various 

variables such 

High III-2 The probability of 

GDM in singleton 

pregnancies after 

ART is significantly 

increased compared 

to singleton 
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cohort studies) – 

6 studies offering 

data for GDM (4 

matched cohorts 

and 2 unmatched 

cohorts) 

 as age, parity 

etc. 

pregnancies after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; OR: odds ratio; aOR: adjusted odds 

ratio; RR: relative risk; ET: embryo transfer; SET: single embryo transfer; DET: double embryo transfer; FET: frozen embryo transfer; BMI: body mass index; GDM: 

gestational diabetes mellitus; GDMR: gestational diabetes mellitus risk 
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Table 8b: Risk factors for gestational diabetes in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Wang et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 400,392 

mothers that 

delivered in 

Australia (2007–

2009)  

 

Cohorts: 

ART = 13,732 

Non-ART = 

386,660 

National 

Perinatal 

Data 

Collection, 

Australia 

Maternal age 

Singleton pregnancies ART vs. 

non-ART: 

< 25: aOR = 2.16 (1.23–3.80) 

25–29: aOR = 1.61 (1.33–1.94) 

30–34: aOR = 1.39 (1.23–1.58) 

35–39: aOR = 1.24 (1.10–1.39) 

≥ 40: aOR = 1.18 (0.98–1.43) 

 

 

Yes, for parity, 

BMI, health 

insurance, 

smoking 

during 

pregnancy and 

essential 

hypertension 

Low III-2 For mothers aged < 40 

years, the younger the 

maternal age, the higher 

the odds of GDM for ART 

singleton mothers 

compared with non-ART 

singleton mothers 

Sazonova et 

al., 2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 

Fresh ET = 8944 

Swedish 

Medical 

Birth 

Register 

GDM fresh ET vs. FET 

Fresh SET/DET: aOR = 1 (ref) 

FET SET/DET: 1.06 (0.72–1.55) 

 

Yes, for 

maternal age, 

primiparity, 

maternal 

smoking, 

involuntary 

childlessness 

and maternal 

BMI 

Low III-2 The risk of pre-eclampsia in 

singleton pregnancies after 

FET is increased compared 

to singleton pregnancies 

after fresh ET 

Hourvitz et al., 

2005 

Retrospective 

cohort study 

N = 219 

deliveries after 

ICSI compared 

with 145 

deliveries after 

IVF 

Reproducti

ve medicine 

unit 

GDM IVF vs. ICSI 

IVF: PPR = 10.7% vs. 

ICSI: PPR = 8.6% 

p = NS 

No Very low III-2 The probability of GDM in 

ART pregnancies does not 

seem to be dependent on 

the type of fertilisation (IVF 

or ICSI) 

 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; EPR: ectopic pregnancy rate; BMI: body mass index; SET: single 

embryo transfer; DET: double embryo transfer; ET: embryo transfer; FET: frozen embryo transfer aOR: adjusted odds ration; GDM: gestational diabetes mellitus; NS: not 

significant; PPR: placenta previa risk 
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Table 9a: Incidence of PPROM in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 11 

studies provided 

data on PPROM 

disorders (ART = 

3203 vs. SC = 

2932) 

Not applicable ART vs. SC:  

RR = 1.20 (1.05–1.37) 

No Very low III-2 An increase in the 

risk of PPROM 

should be expected 

in ART multiple 

pregnancies 

compared to 

spontaneously 

conceived multiple 

pregnancies 

Sazonova et al., 

2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 Fresh 

ET = 8944 

Swedish Medical 

Birth Register 

PPROM: 

General population: aOR = 1 

(ref) 

FET SET/DET: 1.03 (0.76–1.40) 

FET SET : aOR = 1.00 (0.69–

1.46) 

Yes, for year of 

birth, maternal 

age, parity, 

smoking 

status, BMI 

and years of 

involuntary 

childlessness 

Low III-2 The risk of PPROM 

in singleton 

pregnancies after 

FET is similar to that 

of singleton 

pregnancies in the 

general population  

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

cohort studies) – 

7 studies offering 

data regarding 

PPROM (N = 

14,141) out of 

which 4 were 

matched cohorts 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.17( 0.79–1.73) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.52 (1.35–1.71) 

 

Yes, in 9/13 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 By analysing the 

best available 

evidence, the 

probability of 

PPROM in singleton 

pregnancies after 

ART seems to be 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; OI: ovulation induction; RR: relative risk; aOR: adjusted odds 

ratio; BMI: body mass index; PPROM: preterm premature rupture of membranes; SET: single embryo transfer; FET: frozen embryo transfer. 
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Table 9b: Risk factors for PPROM in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Nouri et al., 

2013 

Retrospective 

cohort study 

N = 530 children 

(2003–2009)  

 

IVF = 450  

ICSI = 80 

Tertiary 

care centre  

ICSI: PPROMR = 4.1% 

IVF: PPROMR = 22.5% 

p = 0.002 

No Very low III-2 In ART pregnancies, 

the probability of 

PPROM seems to be 

higher after IVF than 

after ICSI 

Sazonova et 

al., 2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Cohorts: 

FET = 2348 

Fresh ET = 8944 

Swedish 

Medical 

Birth 

Register 

Fresh SET/DET: aOR = 1 (ref) 

FET SET/DET: 0.90 (0.65–1.23) 

 

Yes, for 

maternal age, 

primiparity, 

maternal 

smoking, 

involuntary 

childlessness 

and maternal 

BMI 

Low III-2 The risk of PPROM in 

singleton pregnancies 

after FET is increased 

compared to 

singleton pregnancies 

after fresh ET 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; aOR: adjusted odds ratio; ET: embryo transfer; FET: frozen 

embryo transfer; SET: single embryo transfer; DET: double embryo transfer; BMI: body mass index; PPROM: preterm premature rupture of membranes; PPROMR: 

preterm premature rupture of membranes risk. 
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Table 10a: Incidence of preterm birth in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 26 

studies provided 

data on preterm 

birth (ART = 

32,937 vs. SC = 

96,300) and 19 

studies provided 

data on very 

preterm birth 

(ART = 31,069 vs. 

SC = 97,929) 

Not applicable Preterm birth (< 37 weeks): 

ART vs. SC:  

RR = 1.08 (1.03–1.14) 

 

Very preterm birth (< 32 

weeks): 

ART vs. SC:  

RR = 1.18 (1.04–1.34) 

 

No Low III-2 An increase in the 

risk of preterm and 

very preterm birth 

should be expected 

in ART multiple 

pregnancies 

compared to 

spontaneously 

conceived multiple 

pregnancies 

Declercq et al., 

2015 

Longitudinal 

cohort study 

N = 334,628 

births and foetal 

deaths (2004–

2008)  

Massachusetts 

ART clinics and 

Massachusetts 

Pregnancy to 

Early Life 

Longitudinal 

data system 

Preterm birth (< 37 weeks): 

Overall: 

Fertile group: aOR = 1.00 (ref) 

Subfertile no ART: aOR = 1.24 

(1.12–1.38)  

Subfertile ART: aOR = 1.53 

(1.40–1.67)  

 

Singletons:  

Subfertile no ART: aOR = 1.00 

(ref) 

Fertile group:  

aOR = 0.80 (0.72–0.89)  

Subfertile ART: aOR = 1.23 

(1.08–1.41)  

 

Twins: 

Subfertile no ART: aOR = 1.00 

(ref) 

Fertile group:  

Yes, for 

maternal age, 

race/ethnicity, 

marital status, 

maternal 

education, 

payer for 

delivery, 

smoking, 

prenatal care, 

parity, chronic 

and 

pregnancy-

associated 

hypertension, 

other fertility-

related 

condition and 

infant sex 

 

Low III-2 Preterm birth of 

singleton 

pregnancies seems 

to be increased in 

subfertile women 

conceiving naturally 

compared to non-

subfertile women, 

and even more 

increased in 

subfertile women 

conceiving after 

ART compared to 

subfertile women 

achieving a 

pregnancy after 

spontaneous 

conception 

 

Evidence of the 
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aOR = 0.74 (0.31–1.76)  

Subfertile ART: aOR = 0.66 

(0.23–1.90)  

 

Sample based 

on live births 

for 

perinatal 

death, 

gestational 

age, low birth 

weight, and 

small for 

gestational 

age 

same effect in twins 

could not be 

detected 

Toshimitsu et al., 

2014 

Retrospective 

cohort study 

N = 780 

singleton 

deliveries (330 in 

women ≥ 40 

years and 450 

women aged 30–

34 years) 

Tertiary perinatal 

centre in a 

university 

hospital 

Preterm birth: 

Maternal age ≥ 40 years: 

IVF: PBR = 12.5% 

SC: PBR = 7% 

P = 0.128 

Maternal age 30–34 years: 

IVF: PBR = 3.6% 

SC: PBR = 8.1% 

P = 0.344 

 

No Very low III-2 In women 40 and in 

women 30–34 years 

old or older with a 

singleton 

pregnancy, a 

difference in the 

chance of preterm 

birth after ART 

compared to 

spontaneous 

conception could 

not be detected 

Pelkonen et al., 

2014 

Retrospective 

registry-based 

cohort study 

N = 4772 

singleton births 

after ART and 

31,243 

spontaneously 

conceived 

pregnancies/singl

eton deliveries as 

controls (1995–

2006) 

Medical Birth 

Register, Finland 

Preterm birth: 

ART: PBR = 7.9% 

SC: PBR = 4.5% 

p < 0.001 

 

No Very low III-2 Significantly 

increased risk of 

preterm birth is 

present in singleton 

pregnancies after 

ART compared to 

singleton 

pregnancies 

conceived 

spontaneously 

Marino et al., 

2014 

Retrospective 

registry-based 

cohort study 

N = 306,995 

births or 

stillbirths ≥ 20 

weeks of 

gestation or > 

400 g) (Jan 1986–

South Australia Singleton births: 

Preterm birth: 

SC fertile: aOR = 1.00 (ref) 

SC conception, if DX: aOR = 

2.76 (2.17–3.52) 

SC conception, if TX: aOR = 

Yes, maternal 

age, parity, 

baby’s sex 

Low III-2 Significantly 

increased risk of 

preterm birth is 

present in singleton 

pregnancies after 

fresh or frozen IVF 
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Dec 2002) 0.87 (0.65–1.17) 

Donor oocyte: aOR = 1.49 

(0.61–3.67) 

IVF fresh: aOR = 2.20 (1.49–

2.75) 

IVF FET: aOR = 2.02(1.49–2.75) 

ICSI fresh: aOR = 1.63 (1.24–

2.15) 

ICSI FET: aOR = 1.08 (0.60–1.94) 

 

Very preterm birth: 

SC fertile: aOR = 1.00 (ref) 

SC conception, if DX: aOR = 

6.96 (4.88–9.92) 

SC conception, if TX: aOR = 

1.30 (0.77–2.21) 

Donor oocyte: aOR = 7.25 

(2.65–19.8) 

IVF fresh: aOR = 3.98 (2.78–

5.71) 

IVF FET: aOR = 2.01(0.98–4.12) 

ICSI fresh: aOR = 1.41 (0.71–

2.77) 

ICSI FET: aOR = 1.00 (0.37–2.70) 

and fresh ICSI 

compared to 

singleton 

pregnancies 

conceived 

spontaneously in 

fertile patients 

 

For frozen ICSI or 

recipients of donor 

oocytes, no such 

effect could be 

demonstrated 

 

Significantly 

increased risk of 

very preterm birth is 

present in singleton 

pregnancies after 

fresh IVF or in cycles 

with donated 

oocytes compared 

to singleton 

pregnancies 

conceived 

spontaneously in 

fertile patients 

 

For frozen IVF, and 

fresh and frozen 

ICSI no such effect 

could be 

demonstrated 

Henningsen et 

al., 2014 

Retrospective 

population-

based cohort 

study 

N = 62,485 ART 

singletons born 

in the Nordic 

countries (except 

Finland) 

Nordic countries 

(except Finland) 

Preterm birth 

Singletons 

SC: aOR = 1.00 (ref) 

ART: aOR = 1.55 (1.50–1.61) 

Yes, for parity 

(0 versus ≥ 1), 

year of birth, 

maternal age, 

child’s sex and 

Low III-2 Significantly 

increased risk of 

preterm birth is 

present in singleton 

pregnancies after 
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compared with 

362,798 

spontaneously 

conceived 

singletons (1982–

2007) 

country ART compared to 

singleton 

pregnancies 

conceived 

spontaneously  

Räisanen et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 291,004 

singleton 

pregnancies (IVF 

= 5647 vs. non-

IVF = 285,357) 

Medical Birth 

Register, Finland 

Preterm birth: 

IVF: aOR = 1.63 (1.47–1.81) 

 

Yes, for 

maternal age, 

parity, 

smoking 

status, 

gestational 

diabetes, 

maternal 

diabetes 

mellitus, pre-

eclampsia and 

socio-

economic 

status 

Very low III-2 The risk of preterm 

birth is increased in 

singleton IVF 

pregnancies 

compared to non-

IVF singleton 

pregnancies 

Pinborg et al., 

2013 

Systematic 

review and 

meta-analysis 

65 studies 

assessing 

perinatal 

outcomes in 

singleton 

pregnancies (25 

of high quality, 

25 of moderate 

quality and 15 of 

low quality) 

Not applicable Preterm birth: 

SC of subfertile women with 

TTP > 1 year vs. SC of women 

with TTP ≤ 1 year: RR = 1.35 

(1.22–1.50) 

 

IVF/ICSI vs. SC of subfertile 

women with TTP > 1 year: RR = 

1.55 (1.30–1.85) 

 

IVF/ICSI sibling vs. SC sibling: 

RR = 1.27 (1.08–1.49) 

 

 

Yes, in most of 

the individual 

studies for 

various 

parameters 

High III-2 There is moderate 

quality evidence 

that SC singletons 

from subfertile 

women with TTP > 

1 year have 

increased risk of 

PTB when 

compared with SC 

singletons of fertile 

women with TTP ≤ 

1 year 

 

There is low quality 

evidence that IVF 

singletons have 

increased risk of 

PTB when 

compared with SC 
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14singletons of 

subfertile women 

with TTP > 1 year 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; aOR: adjusted odds ratio; RR: 

relative risk; OR: odds ratio; TTP: time to pregnancy; PBR: preterm birth risk; FET: frozen embryo transfer; PTB: preterm birth. 

If DX: Births to women who had a recorded diagnosis of infertility but no assisted conception treatment from a specialist clinic. 

If TX: Births as a result of spontaneous conception in women with a previous birth from assisted conception.  
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Table 10b: Risk factors for preterm birth in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Pelkonen et al., 

2014 

Retrospective 

registry-based 

cohort study 

N = 4772 

singleton births 

after ART and 

31,243 

spontaneously 

conceived 

pregnancies/sin

gleton deliveries 

as controls 

(1995–2006) 

Medical 

Birth 

Register, 

Finland 

Preterm birth: 

FET vs. fresh: 

FET: PBR = 6.5% 

Fresh ET: PBR = 8.7% 

p < 0.001 

 

No Very low III-2 In singleton 

pregnancies after FET 

cycles, the risk of 

preterm birth is 

reduced compared to 

singleton pregnancies 

after fresh ET 

Isihara et al., 

2014 

Retrospective 

registry-based 

N = 277,042 

pregnancies 

after SET (2008–

2010) 

Japanese 

registry of 

ART 

Maternal age: 

aOR = 1.02 (1.01–1.03) 

FET vs. fresh: 

aOR = 0.90 (0.82–0.98) 

Blastocyst vs. cleavage stage at 

ET: 

aOR = 1.09 (0.99–1.20) 

Male or female gender: 

aOR = 1.14 (1.06–1.23) 

 

 

Yes, adjusted 

for maternal 

age, FET vs. 

fresh, 

blastocyst vs. 

cleavage, male 

vs. female 

gender 

 

Very low III-2 Maternal age is 

associated with an 

increased risk of 

preterm birth 

 

Frozen-thawed SET is 

associated with 

decreased risk of 

preterm birth 

compared to fresh 

SET 

 

The developmental 

stage of the embryo 

at transfer is not 

associated with the 

risk of preterm birth 

in ART pregnancies 

after SET 

 

A male foetus is 

associated with a 

higher risk of preterm 

birth in ART 

pregnancies after SET 
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Rallis et al., 

2013 

Retrospective 

cohort study 

N = 702 

singleton 

pregnancies 

delivered > 20 

weeks of 

gestation  

Single 

reproductiv

e medicine 

unit 

Preterm birth: 

 

FET vs. fresh: 

FET: PBR = 10.0% 

Fresh ART: PBR = 11.6% 

P = 0.60 

No Very low III-2 The risk of preterm 

birth after ART is not 

associated with the 

type of cycle (FET vs. 

fresh). 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 6 

studies offering 

data for PTB 

(21,330 

pregnancies 

after blastocyst 

ET vs. 55,642 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

Preterm birth: 

Blastocyst vs. cleavage stage at 

ET:  

RR: 1.27(1..22–1.31) 

 

 

No Very low III-2 The risk of PTB baby 

in singleton 

pregnancies after ART 

is higher after a 

blastocyst transfer 

compared to a 

cleavage stage 

embryo transfer.  

Pinborg et al., 

2013 

Systematic 

review and 

meta-analysis 

65 studies 

assessing 

perinatal 

outcomes in 

singleton 

pregnancies (25 

of high quality, 

25 of moderate 

quality and 15 of 

low quality) 

Not 

applicable 

Preterm birth: 

ICSI (fresh/FET) vs. IVF 

(fresh/FET):  

RR = 0.80 (0.69–0.93) 

 

FET vs. fresh: RR = 0.85 (0.76–

0.94) 

 

Blastocyst vs. cleavage stage at 

ET: RR = 1.14 (0.80–1.64) 

 

SET (fresh/FET) vs. DET 

(fresh/FET): RR = 0.83 (0.64–1.06) 

 

IVF/ICSI singletons with a 

vanishing co-twin vs. IVF/ICSI 

singletons from a single 

gestation: RR = 1.73 

Yes, in some of 

the individual 

studies for 

various 

parameters 

High III-2 There is moderate 

quality evidence that 

singletons born after 

ICSI when compared 

with singletons born 

after IVF have a lower 

risk of PTB 

 

There is moderate 

quality evidence that 

singletons born after 

frozen IVF/ICSI when 

compared with 

singletons born after 

fresh IVF/ICSI have a 

lower risk of PTB 

 

There is very low 

quality evidence that 
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culture time 

influences the risk of 

PTB 

 

There is low quality 

evidence that 

singletons from DET 

when compared with 

singletons from SET 

have no increased risk 

of PTB 

 

There is moderate 

quality evidence that 

singletons from 

pregnancies with a 

vanishing co-twin 

when compared with 

singletons from only 

a single gestation 

have increased risk of 

PTB 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; PTB: preterm birth; FET: frozen embryo transfer; ET: embryo 

transfer; SET: single embryo transfer; DET: double embryo transfer; PBR: preterm birth risk; aOR: adjusted odds ratio; RR: relative risk 
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Table 11a: Incidence of SGA in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 3 

studies provided 

data on IUGR 

(ART = 870 vs. SC 

= 952) and 7 

studies on small 

for gestational 

age (ART = 

11,943 vs. SC = 

37,588) 

Not applicable IUGR: 

RR = 1.21 (0.94–1.57) 

SGA: 

RR = 0.85 (0.68–1.07) 

No Very low III-2 In multiple 

pregnancies, no 

difference in the risk 

of SGA could be 

detected after ART 

compared to 

spontaneous 

conception 

Declercq et al., 

2015 

Longitudinal 

cohort study 

N = 334,628 

births and foetal 

deaths (2004–

2008)  

Massachusetts 

ART clinics and 

Massachusetts 

Pregnancy to 

Early Life 

Longitudinal 

data system 

Small for gestational age: 

Overall: 

Fertile group: aOR = 1.00 (ref) 

Subfertile no ART: aOR = 0.95 

(0.85–1.06)  

Subfertile ART: aOR = 1.05 

(0.96–1.16)  

 

Singletons:  

Subfertile no ART: aOR = 1.00 

(ref) 

Fertile group:  

aOR = 1.05 (0.94–1.17)  

Subfertile ART: aOR = 1.10 

(0.96–1.27)  

 

Twins: 

Subfertile no ART: aOR = 1.00 

(ref) 

Fertile group:  

aOR = 1.25 (1.02–1.52)  

Yes, for 

maternal age, 

race/ethnicity, 

marital status, 

maternal 

education, 

payer for 

delivery, 

smoking, 

prenatal care, 

parity, chronic 

and 

pregnancy-

associated 

hypertension, 

other fertility-

related 

condition and 

infant sex. 

Sample based 

on live births 

Low III-2 No association 

between the use of 

ART and the 

occurrence of SGA 

could be detected 

in either singleton 

or twin pregnancies  
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Subfertile ART: aOR = 1.06 

(0.86–1.30)  

 

for 

perinatal 

death, 

gestational 

age, low birth 

weight, and 

small for 

gestational 

age 

Marino et al., 

2014 

Retrospective 

registry-based 

cohort study 

N = 306,995 

births or 

stillbirths ≥ 20 

weeks of 

gestation or > 

400 g) (Jan 1986–

Dec 2002) 

South Australia Singleton births: 

SGA: 

SC fertile: aOR = 1.00 (ref) 

SC conception, if DX: aOR = 

0.93 (0.51–1.72) 

SC conception, if TX: aOR = 

0.87 (0.28–2.72) 

Donor oocyte: aOR = 0.35 

(0.04–2.78) 

IVF fresh: aOR = 1.07 (0.79–

1.45) 

IVF FET: aOR = 0.54 (0.26–1.12) 

ICSI fresh: aOR = 0.64 (0.43–

0.94) 

ICSI FET: aOR = 0.57 (0.23–1.41) 

 

Yes. Maternal 

age, parity, 

baby’s sex 

Low III-2 No difference in 

SGA was present in 

singleton 

pregnancies after 

fresh or frozen IVF, 

fresh ICSI and donor 

IVF/ICSI compared 

to singleton 

pregnancies 

conceived 

spontaneously in 

fertile patients 

 

Singleton 

pregnancies after 

frozen ICSI seem to 

have a decreased 

risk of SGA 

compared to 

singleton 

pregnancies 

conceived 

spontaneously in 

fertile patients 

Henningsen et 

al., 2014 

Retrospective 

population 

based cohort 

study 

N = 62,485 ART 

singletons born 

in the Nordic 

countries (except 

Finland) 

compared with 

Nordic countries 

(except Finland) 

SGA: 

Singletons 

SC: aOR = 1.00 (ref) 

ART: aOR = 1.16 (1.11–1.22) 

Yes, for parity 

(0 versus ≥ 1), 

year of birth, 

maternal age, 

child’s sex and 

country 

Low III-2 Significantly 

increased risk of 

SGA is present in 

singleton 

pregnancies after 

ART compared to 
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362,798 

spontaneously 

conceived 

singletons (1982–

2007) 

singleton 

pregnancies 

conceived 

spontaneously 

Räisanen et al., 

2013 

Retrospective 

population-

based cohort 

study 

N = 291,004 

singleton 

pregnancies (IVF 

= 5647 vs. non-

IVF = 285,357) 

Medical Birth 

Register, Finland 

SGA: 

SC: aOR = 1.00(ref) 

IVF: aOR = 0.85 (0.74–0.97) 

 

Yes, for 

maternal age, 

parity, 

smoking 

status, 

gestational 

diabetes, 

maternal 

diabetes 

mellitus, pre-

eclampsia and 

socio-

economic 

status 

Very low III-2 The risk of SGA is 

decreased in 

singleton IVF 

pregnancies 

compared to non-

IVF singleton 

pregnancies 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561  

SC = 600 

University ART 

unit 

Risk of SGA: 

SC: aOR = 1.00 (ref) 

IVF: aOR = 1.51 (0.99–2.28) 

ICSI: aOR = 1.24 (0.87–1.77) 

Yes. Maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 The risk of SGA 

does not seem to 

be different in ART 

singleton 

pregnancies when 

compared with 

spontaneously 

conceived 

pregnancies 

Raatikainen et 

al., 2012 

Retrospective 

cohort study 

ART = 20,340 

pregnancies  

 

Cohorts: 

ART = 428 

Tertiary level 

obstetric referral 

centre 

SGA 

ART SGAR = 11.0% vs. 

SC ≥ 2 years’ time to 

pregnancy SGAR: 12.2%,  

P = 0.53 

No Very low III-2 The risk of SGA in 

pregnancies after 

ART is not different 

compared to that in 

pregnancies in 
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SC ≥ 2 years of 

attempting to 

conceive  = 928 

SC with time to 

pregnancy ≤ 6 

months  = 18,984 

 

ART SGAR = 11.0% vs. 

SC ≤ 6 months time to 

pregnancy SGAR: 9.1%,  

P = 0.18 

 

patients with a 

time-to-pregnancy 

of ≥ 2 years 

 

The risk of SGA in 

pregnancies after 

ART is not different 

compared to that in 

spontaneously 

conceived 

pregnancies in 

patients with a 

time-to-pregnancy 

of ≤ 6 months  

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

cohort studies) – 

data for SGA 

from 13,207 

pregnancies 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.39 (1.27–1.53) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.49 (1.10–2.01) 

 

Yes, in some 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

SGA in singleton 

pregnancies is 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; aOR: adjusted odds ratio; RR: relative risk; FET: frozen embryo 

transfer; BMI: body mass index; SGA: small for gestational age; SGAR: small for gestational age risk; IUGR: intrauterine growth restriction; SC: spontaneous conception. 

If DX: Births to women who had a recorded diagnosis of infertility but no assisted conception treatment from a specialist clinic. 

If TX: Births as a result of spontaneous conception in women with a previous birth from assisted conception.  
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Table 11b: Risk factors for SGA in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 3 

studies offering 

data for SGA 

(17,552 

pregnancies 

after blastocyst 

ET vs. 45,376 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

Blastocyst vs. cleavage stage at 

ET:  

RR: 0.82 (0.77–0.88),  

 

No Very low III-2 The risk of SGA baby 

in singleton 

pregnancies after ART 

is lower after a 

blastocyst transfer 

compared to a 

cleavage stage 

embryo transfer 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 11 studies 

(for all 

outcomes) – 2 

studies offering 

data for APH 

(1933 

pregnancies 

after FET vs. 

3141 

pregnancies 

after fresh ET) 

Not 

applicable 

FET vs. fresh:  

RR: 0.45 (0.30–0.66)  

RD: 2% (1–2) 

 

No Low III-2 Pregnancies after a 

FET are at a 

decreased risk of SGA 

compared to 

pregnancies after 

fresh ET 

Isihara et al., 

2014 

Retrospective 

registry-based 

N = 277,042 

pregnancies 

after SET (2008–

2010) 

Japanese 

registry of 

ART 

Maternal age: 

aOR = 0.99 (0.98–1.01) 

FET vs. fresh: 

aOR = 0.67 (0.60–0.75) 

Blastocyst vs. cleavage stage at 

ET: 

aOR = 0.83 (0.74–0.92) 

Male or female gender: 

aOR = 0.77 (0.71–0.85) 

Yes, adjusted 

for maternal 

age, FET vs. 

fresh, 

blastocyst vs. 

cleavage, male 

vs. female 

gender 

 

Very low III-2 Maternal age is not 

associated with the 

probability of SGA 

after ART 

 

Frozen-thawed SET is 

associated with a 

decreased risk of SGA 

compared to fresh 
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SET 

 

A single blastocyst 

transfer is associated 

with a decreased risk 

of SGA compared to 

cleavage stage 

embryo 

 

A male foetus is less 

likely to have SGA 

than a female foetus 

in ART pregnancies 

after SET 

ART: assisted reproductive technology; aOR: adjusted odds ratio; RR: relative risk; ET: embryo transfer; SET: single embryo transfer; FET: frozen embryo transfer; aRR: 

adjusted relative risk; RD: risk difference; SGA: small for gestational age; APH: antepartum haemorrhage. 
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Table 12: Incidence of induction of labour in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

cohort studies) – 

3557 singleton 

pregnancies 

evaluated for 

caesarean section 

risk 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.18 (1.10–1.28) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.19 (1.10–1.28) 

 

Yes, in 9/13 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

induction of labour 

in singleton ART 

pregnancies is 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; RR: relative risk; SC: spontaneous conception. 
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Table 13a: Incidence of caesarean section in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Geisler et al., 

2014 

Retrospective 

cohort study  

N = 539 women 

with DCDA twins  

 

Cohorts: 

ART = 171  

SC = 368 

University 

hospital 

CS: 

SC: OR = 1.00 (ref) 

ART: OR = 2.35 (1.76–3.14) 

ART: aOR = 1.45 (1.03–2.03) 

 

Elective CS: 

SC: OR = 1.00 (ref) 

ART: OR = 2.25 (1.61–3.11) 

 

Emergency CS: 

SC: OR = 1.00 (ref) 

ART: OR = 2.47 (1.78–3.44) 

Yes, in the 

adjusted 

estimates for 

maternal age, 

parity and type 

of antenatal 

care 

Very low III-2 In twin pregnancies, 

the probability of 

caesarean section 

(either elective or 

emergency) is 

increased after ART 

compared to 

spontaneous 

conception 

Corchia et al., 

2014 

Prospective 

cohort study 

N = 2529 births 

22–31 weeks of 

gestation (2003–

2005) 

Six Italian 

regions 

CS ART vs. SC: 

SC: CSR = 71.6% 

ART: CSR = 79.7% 

p = 0.025 

 

No Very low III-2 The probability of 

delivery by 

caesarean section is 

increased in ART 

pregnancies 

compared to 

spontaneously 

conceived 

pregnancies when 

delivery occurs at 

22–31 weeks of 

gestation 

Poon et al., 2013 Retrospective 

cohort study 

N = 17,510 

pregnancies  

 

Cohorts: 

SC = 16,335  

Hospital CS ART vs. SC: 

SC: OR = 1.00 (ref) 

ART: OR = 5.08 (4.23–6.09) 

No Very low III-2 The risk of 

caesarean section is 

increased in 

pregnancies after 

ART when 
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ART = 536 compared with 

spontaneously 

conceived 

pregnancies 

Farhi et al., 2013 Prospective 

cohort study 

N = 1611 

singleton 

pregnancies  

 

Cohorts: 

ART = 561 

SC = 600  

University ART 

unit 

Risk of CS: 

Spontaneous: aOR = 1.00 (ref) 

IVF: aOR = 1.31 (0.88–1.96) 

ICSI: aOR = 0.88 (0.62–1.26) 

Yes, maternal 

age, maternal 

education, 

obstetric 

history, 

hypertension 

and diabetes 

prior to 

pregnancy, 

BMI prior to 

pregnancy and 

smoking 

during 

pregnancy 

Low III-2 The risk of 

caesarean section at 

delivery does not 

seem to be different 

in ART singleton 

pregnancies when 

compared with 

spontaneously 

conceived 

pregnancies 

Abdel-Latif et al., 

2013 

Population-

based 

retrospective 

cohort study 

N = 1473 

pregnancies 

resulting in a live 

birth at < 29 

weeks of 

gestation 

 

Cohorts: 

SC = 1256 

ART  = 217 

Not applicable CS in ART vs. SC 

AC: CSR = 31.8% vs. 

SC: CSR = 21.5% 

P = 0.01 

No Very low III-2 The probability of 

caesarean section in 

pregnancies that 

resulted in the 

delivery of a live 

infant at < 29 weeks 

of gestation is 

increased after ART 

compared to 

spontaneously 

conceived 

pregnancies 

Sazonova et al., 

2012 

Retrospective 

registry-based 

cohort study 

N = 11,292 ART 

singleton 

pregnancies  

 

Swedish Medical 

Birth Register 

CS: 

General population: aOR = 1 

(ref) 

FET SET/DET: 1.12 (1.01–1.23) 

Yes, for year of 

birth, maternal 

age, parity, 

smoking 

Low III-2 The risk of 

caesarean section in 

singleton 

pregnancies after 



 

 
 

101 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE

Cohorts: 

FET = 2348 Fresh 

ET = 8944 

 

FET SET : aOR = 1.09 (0.97–

1.23) 

status, BMI 

and years of 

involuntary 

childlessness 

FET is increased 

compared to 

singleton 

pregnancies in the 

general population 

Raatikainen et 

al., 2012 

Retrospective 

cohort study 

N = 428 ART 

pregnancies  

 

Cohorts: 

ART = 428  

SC = 928 

spontaneously 

conceived 

pregnancies after 

≥ 2 years of 

attempting to 

conceive 

Tertiary level 

obstetric referral 

centre 

CS: 

ART CSR = 24.5% vs. 

SC ≥ 2 years’ time to 

pregnancy CSR: 24.7%,  

P = 0.91 

 

ART CSR = 24.5% vs. 

SC ≤ 6 months’ time to 

pregnancy CSR: 16.2%,  

P = <0.001 

 

No Very low III-2 The risk of 

caesarean section is 

not different 

between subfertile 

women who 

conceived after ART 

compared to 

subfertile women 

who conceived 

without ART 

 

The risk of 

caesarean section 

was significantly 

increased in women 

after ART compared 

to women who 

conceived 

spontaneously with 

a time to pregnancy 

≤ 6 months 

Hayashi et al., 

2012 

Retrospective 

cohort study 

N = 4570 

singleton 

pregnancies and 

4264 

spontaneously 

conceived control 

singleton 

pregnancies  

Perinatal 

database of 

Japanese Society 

of Obstetrics 

and Gynecology 

Elective CS 

Spontaneous conception: aOR 

= 1.00 (ref) 

IVF-ET: aOR = 1.38 (1.23-1.55) 

 

Emergency CS 

SC: aOR = 1.00 (ref) 

IVF-ET: aOR = 1.19 (1.07–1.32) 

Yes, for 

maternal age, 

parity, pre- 

pregnancy 

height and 

weight, 

smoking 

status, alcohol 

Low III-2 The risk of elective 

and emergency 

caesarean section is 

increased in 

pregnancies after 

ART compared to 

pregnancies 

conceived naturally  
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 consumption, 

and pre-

existing 

maternal 

diseases such 

as respiratory 

disease, 

cardiovascular 

complications, 

diabetes, 

hypertension, 

thyroid 

disease, renal 

disease and 

gynaecologic 

disease 

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 20,807 

singleton 

pregnancies from 

13 studies (9 

matched cohorts 

and 4 unmatched 

cohort studies) – 

12,950 singleton 

pregnancies 

evaluated for CS 

risk 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.50 (1.34–1.68) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.47 (1.38–1.56) 

 

Yes, in 9/13 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

caesarean section in 

singleton 

pregnancies is 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

Suzuki et al., 

2010 

Retrospective 

cohort study 

N = 151 twin 

pregnancies  

Cohorts: 

IVF = 64 

SC = 87  

Hospital CS (overall): 

SC: CSR = 67% 

ART: CSR = 86% 

p = 0.01 

 

CS (elective): 

SC: CSR = 36% 

No Very low III-2 Twin pregnancies 

after IVF appear to 

have a higher risk of 

caesarean section 

compared to 

spontaneously 

conceived twin 
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ART: CSR = 55% 

p = 0.02 

 

CS (emergency): 

SC: CSR = 31% 

ART: CSR = 31% 

p = 0.98 

pregnancies 

McDonald et al., 

2005 

Systematic 

review and 

meta-analysis 

N = 4629 twin 

pregnancies from 

11 cohort studies 

included in this 

meta-analysis. It 

is not reported 

how many 

studies provided 

data for 

antepartum 

haemorrhage. 

Not applicable IVF/ICSI vs. SC: 

OR: 1.33 (1.06–1.67) 

 

 

Yes, in 

individual 

studies for 

maternal age 

and in most of 

them for parity 

and delivery 

date 

Low III-2 The probability of 

caesarean section in 

twin pregnancies 

after ART is 

significantly 

increased compared 

to twin pregnancies 

after spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; OR: odds ratio; aOR: adjusted odds 

ratio; RR: relative risk; CS: caesarean section; CSR: caesarean section risk; BMI: body mass index; DCDA: dichorionic diamniotic; ET: embryo transfer; FET: frozen embryo 

transfer; SET: single embryo transfer; DET: double embryo transfer 
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Table 13b: Risk factors for Caesarean section in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 11 studies 

(for all 

outcomes) – 2 

studies offering 

data for APH 

(5435 singleton 

pregnancies 

after FET vs. 

16,740 singleton 

pregnancies 

after fresh ET) 

Not 

applicable 

FET vs. fresh (all studies):  

RR: 1.10 (1.05–1.15),  

 

FET vs. fresh (only matched 

cohorts):  

RR: 1.12 (1.06–1.18) 

 

No Low III-2 Singleton 

pregnancies after a 

FET have a higher risk 

of caesarean section 

compared to 

singleton pregnancies 

after fresh ET 

Sullivan et al., 

2010 

Retrospective 

population-

based cohort 

study 

N = 17,019 

women who 

underwent ART  

National 

registry 

data 

Maternal age (ART vs. SC): 

OR of CS per maternal age 

group between ART and SC 

singleton pregnancies:  

≤ 24: 1.09 (0.70–1.70) 

25–29: 1.42 (1.26–1.59) 

30–34: 1.47 (1.38–1.56) 

35–39: 1.61 (1.52–1.71) 

40–44: 1.84 (1.66–2.05) 

≥ 45: 3.91 (2.64–5.80) 

 

No Low III-2 Increasing maternal 

age is associated with 

higher odds of 

caesarean section in 

ART singleton 

pregnancies 

compared to 

spontaneously 

conceived singleton 

pregnancies 

 

Such an effect was 

not present in twin 

pregnancies 

ART: assisted reproductive technology; APH: antepartum haemorrhage; FET: frozen embryo transfer; ET: embryo transfer; SC: spontaneous conception; CS: caesarean 

section. 
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Table 14a: Incidence of postpartum haemorrhage in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 12 

studies provided 

data on 

pregnancy 

induced 

hypertensive 

disorders (ART = 

12,380 vs. SC = 

31,578) 

Not applicable PPH ART vs. SC:  

RR = 1.28 (0.99–1.66) 

No Very low III-2 In multiple 

pregnancies, a small 

increase in the risk 

of PPH, although 

marginally not 

significant, was 

observed compared 

to spontaneously 

conceived multiple 

pregnancies 

Jackson, S., et al. 

(2015) 

Retrospective 

cohort study 

N  = 472 

singleton 

pregnancies  

Medical centre Incidence of PPH comparing 

IVF vs. SC 

IVF: 5.9% 

SC: 3.1% 

P  = NS 

Very advanced 

maternal age  

 

 

Very low  For singleton 

pregnancies, there 

was no increased 

risk of postpartum 

haemorrhage, blood 

loss at delivery, 

transfusion, or 

admission to the 

ICU 

Caserta, D., et al. 

(2014) 

Retrospective 

cohort study 

N  = 345 DCDA 

twin pregnancies 

 

Cohorts:  

IVF = 138 

SC = 207 

University 

hospital 

Incidence of PPH comparing 

IVF twin pregnancies vs. 

spontaneous twin pregnancies 

IVF: 8.7% 

Spontaneous pregnancies: 4.8% 

P = 0.219 

Adjusted for 

maternal age, 

parity and 

systemic 

diseases 

Very low III-2 The incidence rates 

of postpartum 

haemorrhage did 

not differ between 

the groups 

Hayashi et al. 

(2012) 

Retrospective 

cohort study 

N  = 242,715 

singleton 

Data were 

derived from the 

Incidence of PPH comparing 

ovulation stimulation vs. 

Controls 

matched for 

Low III-2 Slightly increased 

incidence of 



106 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE 

 

 

 

pregnancies 

 

Cohorts: 

ovulation 

stimulation = 

4111 

IUI = 2351 

IVF-ET = 4570  

 

The control 

group comprised 

women with 

naturally 

conceived 

singleton 

pregnancies. 

perinatal 

database of the 

Japanese Society 

of Obstetrics 

and Gynecology 

control group, IUI vs. control 

group, IVF-ET vs. control group 

Ovulation stimulation (3.9%) vs. 

control group (3.2%) p  = .064 

 

IUI (3.9%) vs. control group 

(3.2%) p  = 0.116 

 

IVF-ET (4.8%) vs. control group 

(3.3%) p  = 0.001 

 

 

 

maternal age, 

parity, pre- 

pregnancy 

height and 

weight, 

smoking 

status, alcohol 

consumption, 

and pre-

existing 

maternal 

diseases, and 

were selected 

randomly for 

each study 

group 

postpartum 

hemorrhage was 

observed in patients 

who underwent IVF-

ET 

Healy, D. L., et al. 

(2010) 

Retrospective 

cohort study 

N  = 34,295 

singleton births 

(among which 

6730 after 

IVF/ICSI) 

 

 

University 

hospitals 

Incidence of PPH 

IVF: 11.1%  

General population: 7.9%  

P < 0.001 

 

IVF vs. general population: 

OR = 1.45 (CI: 1.32–1.58) 

aOR = 1.28 (1.16–1.42) 

 

Yes, adjusted 

for age, year of 

birth, marital 

status, parity, 

any 

miscarriages 

or 

terminations 

of pregnancy, 

vertex 

presentation, 

pre-eclampsia, 

APH, PP, PA, 

premature 

rupture of 

membranes, 

induced 

labour, CS. and 

Low III-2 For postpartum 

haemorrhage, some 

of the increase is 

related to the 

IVF/ICSI patients 

having fewer 

previous 

pregnancies and 

using caesarean 

section more 

 

As these 

complications are 

less frequent in 

non-ART 

conceptions in 

infertile women, the 

mechanism of the 
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tertiary and 

private 

hospital status 

increase must 

involve some 

aspects of the 

IVF/ICSI treatment 

Huang, L. S., et 

al. (2011) 

Retrospective 

cohort study 

N  = 206,741 National registry Incidence of PPH 

IVF: 7.4% 

Non-IVF: 2.4% 

P < 0.001 

RR: 3.26 (CI: 2.08–4.54) 

 

No Very low III-3 There was a higher 

incidence of 

postpartum 

haemorrhage 

observed among 

the IVF group 

Huang, C.-T., et 

al. (2006) 

Retrospective 

cohort study 

N  = 194 University 

hospital 

Incidence of PPH 

SC: 8% 

IUI: 14.3% 

IVF/ICSI: 9.9% 

P  = 0.530 

Yes, only for 

twin 

pregnancies 

Very low III-3 There was no 

significant 

difference in 

incidence of 

postpartum 

haemorrhage 

observed among 

the groups 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; OR: odds ratio; aOR: adjusted odds 

ratio; RR: relative risk; PPH: postpartum haemorrhage; APH: antepartum haemorrhage NS: not significant; PA: placental abruption; PP: placenta previa; DCDA: 

dichorionic diamniotic; IUI: intrauterine insemination; CS: caesarean section; CI: confidence interval. 
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Table 14b: Risk factors for postpartum haemorrhage in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Fernando, D., 

et al. (2012) 

Retrospective 

cohort study 

N = 4202 IVF 

pregnancies 

(2004–2009) 

 

Cohorts: 

Day 2–4 embryo 

transfer = 2486 

Day 5–6 embryo 

transfer = 1716 

Private 

clinic 

PPH in day 2–4 embryo transfer 

vs. day 5–6 embryo transfer 

Day 2–4: 0.52% 

Day 5–6: 1.92% 

p < 0.001 

OR: 3.73 (CI: 1.96–7.11) 

aOR: 0.97 (CI: 0.40–2.37) 

Adjusted odds 

for maternal 

age, year of 

birth, parity, 

private health 

insurance, BMI, 

smoking, 

stimulation of 

cycle 

(including 

cryopreservati

on of embryo), 

mode of 

delivery, APH, 

IVF/ICSI, 

SET/DET, and 

vanishing 

twins 

Low III-2 When adjusted for 

potential 

confounding 

variables, no 

significant difference 

was observed 

between the groups 

in terms of 

postpartum 

haemorrhage 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; BMI: body mass index; SET: single 

embryo transfer; DET: double embryo transfer; PPH: postpartum haemorrhage; APH: antepartum haemorrhage; OR: odds ratio; aOR: adjusted odds ratio; CI: confidence 

interval. 
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Table 15a: Incidence of low birth weight (LBW) in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 22 

studies provided 

data on LBW 

disorders (ART = 

31,031 vs. SC = 

90,169) 

Not applicable LBW 

ART vs. SC:  

RR = 1.04 (1.01–1.07) 

 

Very LBW 

ART vs. SC:  

RR = 1.13 (1.01–1.25) 

 

No Low III-2 ART multiple 

pregnancies are 

associated with a 

higher risk of LBW 

and vLBW 

compared to 

spontaneously 

conceived multiple 

pregnancies 

Pinborg et al., 

2013  

Systematic 

review and 

meta-analysis 

65 studies 

assessing 

perinatal 

outcomes in 

singleton 

pregnancies (25 

of high quality, 

25 of moderate 

quality and 15 of 

low quality)  

 

(Not applicable 

as it analyses 

other systematic 

reviews as well) 

Not applicable Meta-analyses and individual 

studies support a higher 

probability of LBW and vLBW in 

singleton ART pregnancies 

compared to spontaneously 

conceived singleton 

pregnancies. 

Yes, adjusted 

for maternal 

age, birth 

order, BMI, 

parity, type of 

stimulation 

protocol 

Low III-2 Meta-analyses and 

individual studies 

support a higher 

probability of LBW 

and vLBW in 

singleton ART 

pregnancies 

compared to 

spontaneously 

conceived singleton 

pregnancies 

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 28,352 

singleton 

pregnancies from 

19 studies (16 

matched cohorts 

Not applicable LBW 

IVF/ICSI vs. SC (all studies): 

RR: 1.65 (1.56–1.75) 

IVF/ICSI vs. SC (matched 

cohorts): 

Yes, in some of 

the studies 

matching was 

performed for 

various 

High III-2 The probability of 

LBW and vLBW in 

singleton 

pregnancies after 

ART is significantly 



110 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE 

 

 

 

and 3 unmatched 

cohort studies)  

RR: 1.72 (1.54–1.92) 

 

Very LBW 

IVF/ICSI vs. SC (all studies): 

RR: 1.93 (1.72–2.17) 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.72 (1.45–2.05) 

variables such 

as age, parity 

etc. 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; OI: ovulation induction; aOR: 

adjusted odds ratio; BMI: body mass index; LBW: low birth weight; vLBW: very low birth weight; RR: relative risk 
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Table 15b: Risk factors for low birth weight in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Zandstra et al., 

2015 (risk 

factor) 

Systematic 

review 

11 studies Not 

applicable 

Not applicable Yes, adjusted 

for gestational 

age, gender, 

parity 

Low III-2 The type of culture 

medium does not 

seem to be 

associated with the 

occurrence of LBW in 

IVF children 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 5 

studies offering 

data for LBW 

(20,565 

pregnancies 

after blastocyst 

ET vs. 54,209 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

LBW 

Blastocyst vs. cleavage stage at 

ET:  

RR = 1.08 (1.02–1.13) 

 

Very LBW 

Blastocyst vs. cleavage stage at 

ET:  

RR = 1.02 (0.81–1.29) 

 

No Low III-2 There is some 

evidence that 

blastocyst transfer 

may be associated 

with a higher 

probability of LBW 

but not vLBW 

compared to 

cleavage stage ET 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 11 studies 

(for all 

outcomes) – 9 

studies offering 

data for LBW 

(8536 

pregnancies 

after FET vs. 

25,800 

pregnancies 

Not 

applicable 

LBW 

FET vs. fresh (all studies):  

RR: 0.69 (0.62–0.76) 

FET vs. fresh (matched cohorts):  

RR: 0.59 (0.45–0.78) 

 

Very LBW 

FET vs. fresh (all studies):  

RR: 0.72 (0.50–1.04) 

FET vs. fresh (matched cohorts):  

Yes, in some of 

the included 

studies 

High III-2 Pregnancies after a 

FET are at a 

decreased risk of LBW 

compared to 

pregnancies after 

fresh ET 

 

A similar effect for 

vLBW was not 

detected 
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after fresh ET) RR: n/a 

 

Benaglia et al., 

2012  

Retrospective 

cohort study 

N = 234 

Endometrioma = 

78 

No 

endometrioma = 

156 

Infertility 

unit 

LBW: 

Endometrioma: 5 (8%) 

No endometrioma: 17 (13%) 

aOR: 0.61 (0.20–1.86) 

Yes, adjusted 

for smoking, 

previous 

preterm birth 

etc. 

Very low III-2 There is no increased 

risk of LBW in IVF 

children whose 

mothers have 

endometriomas 

Shebl et al., 

2008  

Case-control 

study 

N = 138 

Study group = 

46 

Control = 92 

Women’s 

hospital 

LBW: 

Study: 12/46 (26.1%) 

Control: 11/92 (12.0%) 

P = 0.036 

No Very low III-2 Survivors of the 

vanishing twin 

syndrome have a 

higher risk of having 

LBW 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ET: embryo transfer; FET: frozen embryo transfer; ET: embryo transfer; RR: relative risk; aOR: adjusted 

odds ratio; LBW: low birth weight; vLBW: very low birth weight 
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Table 16a: Incidence of perinatal mortality in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Qin et al., 2015 Systematic 

review and 

meta-analysis 

of cohort 

studies 

N = 39 cohort 

including data on 

146,000 multiple 

pregnancies – 22 

studies provided 

data on perinatal 

mortality 

disorders (ART = 

21,972 vs. SC = 

66,899) 

Not applicable Perinatal mortality 

ART vs. SC:  

RR = 0.92 (0.84–1.01) 

 

 

No High III-2 No difference in 

perinatal mortality is 

present between 

ART multiple 

pregnancies and 

spontaneously 

conceived multiple 

pregnancies 

Pinborg et al., 

2013  

Systematic 

review and 

meta-analysis 

65 studies 

assessing 

perinatal 

outcomes in 

singleton 

pregnancies (25 

of high quality, 

25 of moderate 

quality and 15 of 

low quality)  

 

(Not applicable 

as it analyses 

other systematic 

reviews as well) 

65 articles Meta-analyses and individual 

studies support a higher 

perinatal mortality in singleton 

ART pregnancies compared to 

spontaneously conceived 

singleton pregnancies. 

However, there is a trend for 

more recent studies to have 

lower effect sizes or even not 

significantly different results. 

Yes, adjusted 

for maternal 

age, birth 

order, BMI, 

parity, type of 

stimulation 

protocol 

Low III-2 Meta-analyses and 

individual studies 

support a higher 

probability of 

perinatal death in 

singleton ART 

pregnancies 

compared to 

spontaneously 

conceived singleton 

pregnancies 
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Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 14,054 

singleton IVF/ICSI 

pregnancies  

Not applicable Perinatal mortality 

IVF/ICSI vs. SC (all studies): 

RR: 1.82 (0.98–3.35) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 2.46 (1.35–4.46) 

 

 

Yes, in some of 

the studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 Perinatal mortality 

in singleton ART 

pregnancies 

appears to be 

higher than in 

spontaneously 

conceived singleton 

pregnancies 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; RR: relative risk; BMI: body mass 

index 
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Table 16b: Risk factors for perinatal mortality in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Maheshwari et 

al., 2013 

Systematic 

review and 

meta-analysis 

N = 7 studies 

(for all 

outcomes) – 5 

studies offering 

data for LBW 

(20,565 

pregnancies 

after blastocyst 

ET vs. 54,209 

singleton 

pregnancies 

after cleavage 

ET) 

Not 

applicable 

Perinatal mortality 

Blastocyst vs. cleavage stage at 

ET:  

RR: 1.00 (0.73–1.37) 

No Low III-2 The developmental 

stage of embryo at 

transfer is not 

associated with the 

probability of 

perinatal mortality 

compared to 

cleavage stage ET 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 11 studies 

(for all 

outcomes) – 6 

studies offering 

data for 

perinatal 

mortality (5546 

pregnancies 

after FET vs. 

17,424 

pregnancies 

after fresh ET) 

Not 

applicable 

Perinatal mortality 

FET vs. fresh (all studies):  

RR: 0.68 (0.48–0.96) 

FET vs. fresh (matched cohorts):  

RR: 0.64 (0.43–0.97) 

 

 

Yes, in 3 of the 

included 

studies 

High III-2 Pregnancies after a 

FET have lower 

perinatal mortality 

compared to 

pregnancies after 

fresh ET 

 

ART: assisted reproductive technology; FET: frozen embryo transfer; ET: embryo transfer; RR: relative risk; LBW: low birth weight. 
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Table 17a: Incidence of NICU admission in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Jackson, S., et al. 

(2015) 

Retrospective 

cohort study 

N  = 472 

singleton 

pregnancies  

Medical centre NICU admission comparing IVF 

vs. SC 

IVF: 4.3% 

SC: 1.5% 

P = NS 

Very advanced 

maternal age  

 

 

Very low III-2 For singleton 

pregnancies, there 

was no difference in 

the risk of NICU 

admission between 

ART and non-ART 

singleton 

pregnancies 

Geisler et al., 

2014 

Retrospective 

cohort study  

N = 539 women 

with DCDA twins 

(ART = 171 and 

SC = 368) 

University 

hospital 

NICU admission: 

SC: 39% vs. 

ART: 40.2% 

P = 0.384 

 

Yes, in the 

adjusted 

estimates for 

maternal age, 

parity and type 

of antenatal 

care 

Very low III-2 The probability of 

NICU admission is 

not different 

between ART and 

non-ART twin 

pregnancies 

Pandey et al., 

2012 

Systematic 

review and 

meta-analysis 

N = 3530 

singleton 

pregnancies from 

5 matched cohort 

studies 

Not applicable IVF/ICSI vs. SC (all studies): 

RR: 1.58 (1.42–1.77) 

 

IVF/ICSI vs. SC (matched 

cohorts): 

RR: 1.58 (1.42–1.77) 

 

Yes, in all 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

NICU admission in 

singleton 

pregnancies is 

significantly 

increased compared 

to singleton 

pregnancies after 

spontaneous 

conception. 
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Helmerhost et 

al., 2004 

Systematic 

review and 

meta-analysis 

N = 13 studies 

offering data for 

NICU admission 

Not applicable NICU admission 

Singletons 

IVF/ICSI vs. SC (matched 

studies): 

RR: 1.27 (1.16–1.40) 

 

Twins 

IVF/ICSI vs. SC (matched 

studies): 

RR: 1.05 (1.01–1.09) 

 

Yes, in all 

studies 

matching was 

performed for 

various 

variables such 

as age, parity 

etc. 

High III-2 The probability of 

NICU admission in 

singleton and twin 

pregnancies is 

significantly 

increased compared 

to singleton twin 

pregnancies, 

respectively, after 

spontaneous 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; NICU: neonatal intensive care unit; 

RR: relative risk; DCDA: dichorionic diamniotic; NS: not significant. 
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Table 17b: Risk factors for NICU in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Maheshwari et 

al., 2012 

Systematic 

review and 

meta-analysis 

N = 4 studies (3 

unmatched and 

1 matched) 

offering data for 

NICU admission 

(3552 

pregnancies 

after FET vs. 

16,469 

pregnancies 

after fresh ET) 

Not 

applicable 

FET vs. fresh (all studies):  

RR: 1.00 (0.92–1.08),  

 

FET vs. fresh (only matched 

cohorts):  

RR: 0.86 (0.72–1.03),  

 

Yes, in 3 

studies 

High III-2 The probability of 

NICU admission is not 

different between FET 

and fresh ET cycles 

ART: assisted reproductive technology; NICU: neonatal intensive care unit; FET: frozen embryo transfer; ET: embryo transfer; RR: relative risk. 
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Table 18: Incidence of birth defects/congenital abnormalities in children born after ART 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Jia et al., 2013 

 

Systematic 

review and 

meta-analysis 

76 studies Not applicable Birth defects 

SC:  

RR = 1 (ref) 

ART:  

RR = 1.36 (1.25–1.47) 

ICSI vs. IVF: 

aRR = 0.98 (0.88–1.09) 

Yes, adjusted 

for maternal 

age, parity, 

sex, year of 

birth, socio-

economic 

status, 

smoking status 

High III-2 Children born following 

ART are at increased risk 

of birth defects 

compared with 

spontaneous 

conceptions. There is no 

difference in birth defects 

risk between IVF and ICSI 

Hansen et al., 

2013 

Systematic 

review and 

meta-analysis 

45 cohort studies. 

92,671 ART infants 

compared with 

3,870,760 SC infants 

Not applicable Birth defects 

ART vs. SC: 

RR = 1.32 (1.24–1.42) 

 

Major birth defects 

ART vs. SC: 

RR = 1.42 (1.29–1.56) 

 

Singletons only 

ART vs. SC: 

RR = 1.36 (1.30–1.43) 

 

Multiples only 

ART vs. SC: 

RR = 1.11 (0.98–1.26) 

 

All studies providing 

adjusted/matched data 

ART vs. SC: 

RR = 1.29 (1.22–1.37) 

 

Yes, 

adjusted/matc

hed in certain 

studies for 

various 

variables 

High III-2 Increased incidence of 

congenital birth defects 

in ART pregnancies 

compared to SC 

pregnancies is observed 
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All singleton studies 

providing 

adjusted/matched data 

ART vs. SC: 

RR = 1.35 (1.28–1.42) 

 

All multiple studies 

providing 

adjusted/matched data 

ART vs. SC: 

RR = 1.16 (0.99–1.35) 

Hart et al., 

2013 

Systematic 

review 

87 studies  Not applicable Not applicable No Low III-2 Children born as a result 

of ART have increased 

incidence of congenital 

abnormalities when 

compared with SC 

pregnancies 

Davis et al., 

2012 

Retrospective 

registry-based 

cohort study 

N  = 308,974 births 

 

Cohorts: 

ART = 6163 

SC = 302811 

Not applicable Birth defects IVF vs. SC 

SC:  

aOR = 1 (ref) 

IVF fresh or FET: 

aOR = 1.06 (0.87–1.30) 

Fresh IVF: 

aOR = 1.05 (0.82–1.35) 

FET IVF: 

aOR = 1.08 (0.76–1.53) 

 

Birth defects ICSI vs. SC 

SC:  

aOR = 1 (ref) 

ICSI fresh or FET: 

aOR = 1.55 (1.24–1.94) 

Fresh ICSI: 

aOR = 1.73 (1.35–2.21) 

Yes, clustering 

of births within 

mother, 

maternal age, 

parity, foetal 

sex, year of 

birth, maternal 

race/ethnic 

group, 

maternal 

country of 

birth, maternal 

conditions in 

pregnancy, 

maternal 

smoking 

during 

Low III-2 Congenital 

malformations seem to 

be increased in ART 

pregnancies compared to 

SC pregnancies 

 

The increased risk of birth 

defects after IVF was no 

longer significant after 

adjustment for parental 

factors 

 

The risk of birth defects 

associated with ICSI 

remained increased after 

multivariate adjustment 
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FET ICSI: 

aOR = 1.10 (0.65–1.85) 

 

 

pregnancy, 

socio-

economic 

status, 

maternal and 

paternal 

occupation 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; IUI: intrauterine insemination; FET: 

frozen embryo transfer; ET: embryo transfer; RR: relative risk; aRR: adjusted relative risk; aOR: adjusted odds ratio. 
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Table 19: Incidence of thromboembolic disease in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Hansen et al., 

2014 

National 

register-based 

cohort study 

N = 18,737 

pregnancies 

among 16,148 

women 

National IVF 

register of 

Denmark 

Probability of VTE: 

During pregnancy: 

Singleton: 0.2% 

Multiple: 0.3% 

 

Postpartum: 

Singleton: 0.1% 

Multiple: 0.2% 

 

Reference incidence rate:  

During pregnancy: 10.7 

Postpartum: 17.5 

 

Incidence rate: 

During pregnancy: 28.6 

(20.6–39.6) 

Postpartum: 27.9 (15.8–

49.1) 

 

Data vs. reference 

incidence rate ratio: 

IVF vs. reference (during 

pregnancy): 3.0 (2.1–4.3) p 

< 0.001 

IVF vs. reference 

(postpartum): 1.7 (0.9–3.0) 

p = 0.09 

Singleton IVF vs. reference 

(during pregnancy): 2.8 

Yes, for 

maternal age, 

PCOS, 

diabetes, 

smoking, 

parity, 

multiplicity, 

CS, OHSS 

Low III-2 The venous 

thrombosis incidence 

was significantly 

increased in 

pregnancies after IVF, 

especially in the first 

trimester and in the 

first 6 weeks 

postpartum 
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(1.9–4.1) p < 0.001 

Singleton IVF vs. reference 

(postpartum): 1.2 (0.6–2.8) 

p = 0.60 

Multiple IVF vs. reference 

(during pregnancy): 4.4 

(2.4–8.3) p < 0.001 

Multiple IVF vs. reference 

(postpartum): 3.9 (1.7–8.8) 

p = 0.001 

Multiple IVF vs. singleton 

IVF (during pregnancy): 1.6 

(0.7–3.3) p = 0.24 

Multiple IVF vs. singleton 

IVF (postpartum): 3.2 (1.0–

9.8) p = 0.04 

Henriksson, et 

al., 2013 

 

 

Cross-sectional 

study 

N = 140,448  

 

Cohorts: 

IVF = 23 498  

SC = 116 960  

Swedish National 

Patient Register 

Risk of VTE in IVF vs. SC 

IVF: 4.2/1000  

SC: 2.5/1000  

P < 0.001 

Hazard ratio  = 1.77 (CI: 

1.41–2.23) 

 

Risk of pulmonary 

embolism during the first 

trimester  

IVF: 1.5/1000  

SC: 0.3/1000  

Hazard ratio  = 6.97 (CI: 

2.21–21.96) 

 

Risk of pulmonary 

embolism prior to 

pregnancy 

Yes, for age 

and year of 

conception 

Low III-2 IVF pregnancies are 

associated with an 

increased risk of 

pulmonary embolism 

and venous 

thromboembolism, 

particularly during the 

first trimester 
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Hazard ratio  = 0.85 (CI: 

0.66–1.10) 

 

Risk of pulmonary 

embolism after delivery 

Hazard ratio  = 1.29 (CI: 

0.82–2.02) 

 

Rova, et al., 

2012 

Retrospective 

cohort study 

N = 964,532 

encompassing 

all deliveries in 

Sweden 

between 1999–

2008 

Population 

registry-based 

Incidence of VTE  

 

First trimester: 

IVF vs. SC: 

OR = 9.8 (6.7–14.3) 

 

Second trimester: 

IVF vs. SC: 

OR = 1.5 (0.6–3.6) 

 

Third trimester: 

IVF vs. SC: 

OR = 1.1 (0.7–2.0) 

 

All antepartum: 

IVF vs. SC: 

OR = 2.7 (2.1–3.6) 

 

Postpartum: 

IVF vs. SC: 

OR = 1.2 (CI: 0.6–2.0) 

No Low III-2 The incidence of first-

trimester VTE in 

relation to IVF was 

0.2%, representing a 

10-fold increase, 

compared with the 

background 

population. There was 

no increase in risk 

after the first 

trimester 

Kallen, et al., 

2005 

Retrospective 

cohort study 

N = 2,013,633 

births 

 

Cohorts: 

IVF = 13,261 

National registry Thromboembolic disease in 

women receiving IVF vs. all 

women who gave birth: 

aOR  = 2.2 (CI: 1.1–4.3) 

Adjusted for 

year of birth, 

maternal age, 

parity and 

smoking 

Low III-2 The risk of 

thromboembolic 

disease was increased 

both during 

pregnancy, in 
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Control 

population = 

2,013,633 

connection with 

delivery, and among 

re-admissions during 

the first two months 

after delivery, even 

though only the first 

group reached 

statistical significance 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; SC: spontaneous conception; aOR; adjusted odds ratio; OR: odds ratio; VTE: venous thromboembolism; 

CI: confidence interval; OHSS: ovarian hyperstimulation syndrome. 
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Table 20: Incidence of maternal mortality in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Hayashi et al., 

2012 

Retrospective 

cohort study 

N  = 242,715 

singleton 

pregnancies 

 

Cohorts: 

ovulation 

stimulation N = 

4111 

IUI = 2351 

IVF-ET = 4570  

 

 

Data were 

derived from the 

perinatal 

database of the 

Japanese Society 

of Obstetrics and 

Gynecology 

Incidence of maternal 

death  

Ovulation stimulation 

(0.02%) vs. control group 

(0.04%): p  = .613 

 

IUI (0.04%) vs. control 

group (0.04%): p  = 1 

 

IVF-ET (0.02%) vs. control 

group (0.05%:)  

p  = 0.612 

 

 

 

Yes, adjusted 

for age, parity, 

pre- 

pregnancy 

height and 

weight, 

smoking 

status, alcohol 

consumption, 

and pre-

existing 

maternal 

diseases, and 

were selected 

randomly for 

each study 

group 

Low III-2 No association was 

observed between 

the different types of 

ART procedures and 

maternal death 

Braat, et al., 

2010 

Retrospective 

analysis of 

registered data 

and data of 

cohort studies 

N  = 31  Cases were 

collected by 

sending a letter 

to all 

gynaecologists 

working in 

hospitals in the 

Netherlands, and 

by retrieving 

data from a 

cohort study (De 

Boer et al. 2003; 

IVF treatment-related 

mortality rate:  

6/100,000 

 

Maternal mortality rate:  

IVF patients  = 

42.5/100,000 

 

General population  = 

12.1/100,000 

 

Overall mortality rate: 

No Very low III-2 The overall mortality 

in patients 

undergoing IVF 

procedures was lower 

than in the general 

population, whereas 

the overall mortality 

related to IVF 

pregnancies was 

higher than the 

maternal mortality in 

the general 
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Klip et al. 2003) 

and from the 

Dutch Maternal 

Mortality 

Committee 

 

 

 

 

IVF population  = 

31/100,000 women 

 

Women aged 20–50 years 

in the general population  

= 71.3/100,000 

women/year 

population 

Huang, et al., 

2006 

Retrospective 

cohort study 

N  = 194 twin 

pregnancies 

(1992–2001) 

 

Cohorts: IVF/ICSI 

= 81 IUI = 63  

SC = 50 

 

All cases of twin 

deliveries were 

included from 

the selected 

time period 

excluding 

patients with 

any prior history 

of hypertension 

or diabetes 

mellitus 

University 

hospital 

Maternal mortality IVF/ICSI 

vs. IUI vs. SC 

IVF/ICS: 1.3%  

IUI: 0%  

SC: 0% 

p = 0.496 

 

No adjustment 

for cofounders 

 

 

Very low III-2 No significant 

differences among 

the three groups in 

terms of maternal 

mortality 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; SC: spontaneous conception; IUI: intrauterine insemination; ET: 

embryo transfer. 

 

  



128 MATERNAL, PREGNANCY AND NEONATAL OUTCOMES FOLLOWING IVF: A RAPID REVIEW | SAX INSTITUTE 

 

 

 

Table 21: Incidence of maternal hospitalisation in ART pregnancies 

Study Design Sample size Setting study findings Adjustment 

for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Poikkeus et al., 

2007 

Retrospective 

cohort study 

N = 15,536 

pregnancies 

 

Cohorts: 

ET = 269, DET = 

230 and SC = 

15,037  

Infertility 

clinic and 

Medical 

Birth 

Register, 

Finland 

(1997–

2003) 

Maternal hospitalisation 

 

During pregnancy: 

SET: 29.7% 

DET: 30.0% 

SC: 20.9% 

p < 0.001 

 

2 days before delivery: 

SET: 14.5% 

DET: 17.1% 

SC: 8.0% 

P = 0.001 

 

7 days after delivery: 

SET: 7.4% 

DET: 6.1% 

SC: 2.3% 

p < 0.001 

No Very low III-2 Single embryo transfer is 

associated with higher risk of 

maternal hospitalisation 

during pregnancy, 2 days 

before delivery and up to 7 

days after delivery compared 

to spontaneously conceived 

pregnancies 

 

A singleton pregnancy after 

DET is not at a higher risk of 

maternal hospitalisation 

compared to a singleton 

pregnancy after SET 

Klemetti et al., 

2006 

Retrospective 

cohort study  

N  = 192,035 

 

Cohorts: 

IVF = 3737 

Non-IVF control 

= 188,298 

Registry-

based 

Maternal hospitalisation of ≥ 7 

days 

All IVF vs. SC: 

OR = 2.33 (2.11–2.57) 

 

IVF vs. SC singleton birth: 

OR = 1.23 (1.07–1.41) 

IVF vs. SC multiple births: 

OR = 1.04 (0.83–1.30) 

Yes, for 

county, 

smoking 

status, 

maternal age, 

socio-

economic 

position, and 

previous births 

Low III-2 Increased risk of extended 

postpartum hospitalisation 

among IVF mothers was 

observed 
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ART: assisted reproductive technology; IVF: in-vitro fertilisation; SC: spontaneous conception; ET: embryo transfer; SET: single embryo transfer; DET: double embryo 

transfer; OR: odds ratio. 
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Table 22: Incidence of ICU admission in ART pregnancies 

Study Design Sample size Setting study findings Adjustment for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Hayashi, et al., 

2012 

Retrospective 

cohort study 

N = 242,715 women 

with singleton 

pregnancies 

examined as a base 

cohort  

 

Study cohorts: 

OI (n  = 4,111) IUI (n  

= 2351)  

IVF-ET (n  = 4570) 

 

Controls adjusted 

for multiple 

maternal 

characteristics were 

selected randomly 

for each study 

group. 

Perinatal database Incidence of maternal 

ICU admission  

 

Ovulation stimulation 

(0.06%) vs. control 

group (0.02%): p  = 

.626 

 

IUI (0.1%) vs. control 

group (0.1%): p  = 

0.961 

 

IVF-ET (0.02%) vs. 

control group (0.12%): 

p  = 0.113 

 

Controls 

matched for 

maternal age, 

parity, pre- 

pregnancy 

height and 

weight, smoking 

status, alcohol 

consumption, 

and pre-existing 

maternal 

diseases 

  No association 

was observed 

between the 

different types of 

ART procedures 

and adverse 

maternal 

outcomes, such as 

ICU admission 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; OI: ovulation induction; SC: spontaneous conception; ICU: intensive care unit, ET: embryo transfer. 
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Table 23a: Incidence of postpartum depression in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of evidence 

Lynch, et al., 

2014 

Cross-sectional 

study 

N  = 40,377 women  

 

Grouped according 

to those receiving 

and not receiving 

infertility treatment  

(infertility treatment 

including fertility 

enhancing drugs, 

artificial 

insemination or IUI, 

as well as ART) 

Population-based 

national data from 

registry (2009–

2010) 

Odds of postpartum 

depression  

 

ART vs. NC: 

aOR = 0.95 (0.62 – 

1.47) 

 

Yes, adjusted for 

age, education, 

NICU status, 

smoking status, 

plurality and 

history of 

depression 

Low III-2 Even after adjustment for 

confounders, there was 

no independent 

association between 

infertility treatment status 

and symptoms of 

postpartum depression 

Catja 

Warmelink, et 

al., 2012 

Cross-sectional 

study 

N  = 428 women 

who delivered under 

supervision during a 

3 month period 

between 2007–2008 

 

Cohort:  

ART = 32  

SC = 396 

 

Note: ART included 

OI, IUI and IVF/ICSI 

cases 

 

2 hospitals, 1 

academic referral 

centre and 4 

midwifery 

practices  

Prevalence of post-

traumatic stress 

disorder, traumatic 

childbirth, anxiety and 

depression 

 

Post-traumatic stress 

disorder 

ART vs SC: 

OR = 0 (0 – ∞) 

 

Traumatic childbirth 

ART vs SC: 

OR = 0.6 (0.2 – 2.8) 

 

Anxiety 

ART vs. SC: 

OR = 1.4 (0.6 – 3.1) 

 

Depression  

ART vs. SC: 

OR = 0.6 (0.8 – 2.0) 

Education, age, 

marital status, 

country of origin 

and number of 

previous 

pregnancies 

were evaluated 

for a possible 

confounding 

effect on the 

comparison 

between the 

medically 

assisted and 

non-medically 

assisted 

pregnancy 

groups 

Low III-2 No significant differences 

were found in the 

prevalence of post-

traumatic stress disorder, 

anxiety and depression 

between women who 

conceived via ART and 

women who conceived 

spontaneously 
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Ross, et al., 

2011 

Systematic 

review 

N  = 13,523 women 

assessed for 

depression 

performed between 

2 and 52 weeks 

postpartum from 13 

studies  

Not applicable This systematic review 

was unable to 

conduct quantitative 

data synthesis due to 

diversity of studies 

characteristics.  

 

Rather, a qualitative 

synthesis was 

provided. 

In 3/13 studies 

no matching 

was performed, 

the remaining 

10/13 studies 

matched for 

various variables 

such as multiple 

births, 

psychiatric 

history and 

demographic 

variables 

Low III-2 The data indicate little or 

no increased risk of 

postpartum depression 

among women who use 

ART to conceive  

 

In contrast, most studies 

of adequate quality 

indicate that mothers of 

multiples may be at 

elevated risk of 

symptoms of depression 

 

However, existing data 

do not permit 

differentiation between 

transient maternal 

distress and clinically 

significant postpartum 

depression 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; ICSI: intracytoplasmic sperm injection; OI: ovulation induction; SC: spontaneous conception; IUI: 

intrauterine insemination. 
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Table 23b: Risk factors for postpartum depression in ART pregnancies 

Study Design Sample size Setting Risk factors 

evaluated/findings 

Adjustment for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

McMahon, et 

al., 2011 

Prospective 

cohort study 

N  = 541  

 

Cohorts: 

IVF = 297 

SC = 295 

 

 

20–30 years  

(n  = 173)  

31–36 years  

(n  = 214)  

≥ 37 years  

(n  = 189) 

Private clinic Odds of major 

depressive disorder 

 

≥ 37 years: OR = 1 

(used as reference) 

 

≤ 30 years: aOR = 

1.35 (0.23, 7.89) 

 

31–36 years: aOR = 

8.41 (1.58, 44.81) 

Yes, adjusting 

for the primary 

psychosocial risk 

factors for MDD 

as well as 

obstetric and 

fertility 

correlates of 

conception at an 

older age and/or 

through ART 

Low III-2 Older first-time 

mothers, whether 

conceiving 

through ART or 

spontaneously, do 

not show 

increased 

vulnerability to 

postnatal 

depression 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; SC: spontaneous conception; aOR: adjusted odds ratio; MDD: major depressive disorder. 
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Table 24: Incidence of long term maternal morbidity in ART pregnancies 

Study Design Sample size Setting Study findings Adjustment for 

confounders 

Quality of 

evidence 

Level of 

evidence 

Summary of 

evidence 

Westerlund, et 

al., 2014 

Retrospective 

cohort study 

 

N  = 140 458 

 

Cohorts: 

IVF = 23,498 

SC = 116,960 

Population 

register based 

 

Mean follow up:  

 

IVF 8.6 +/– 4.6 

years 

Control group: 8.6 

+/– 4.9 years 

 

Hazard ratios of 

maternal morbidity 

after IVF  

 

Diabetes 

HR = 0.96 (0.81–1.14) 

 

Hypertension 

HR = 1.27 (1.13–1.41) 

 

Coronary heart 

disease 

HR = 0.72 (0.44–1.17) 

 

Stroke: 

HR = 1.27 (0.96–1.68) 

Yes, adjustments 

for BMI, 

smoking, 

country of birth 

and educational 

level 

Low III-2 IVF pregnancy is 

associated with a 

higher incidence 

of hypertension in 

the years after 

delivery 

compared with 

delivery after a 

natural 

conception 

ART: assisted reproductive technology; IVF: in-vitro fertilisation; SC: spontaneous conception; HR: hazard ratio. 

 

 


