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Abstract

Numerous studies have demonstrated that assisted reproductive technology (ART: defined here as 

including only in vitro fertilization and related technologies) is associated with increased adverse 

pregnancy, neonatal, and childhood developmental outcomes, even in singletons. The comparison 

group for many had often been a fertile population that conceived without assistance. The 

Massachusetts Outcome Study of Assisted Reproductive Technology (MOSART) was initiated 

to define a subfertile population with which to compare ART outcomes. Over more than 10 

years, we have used the MOSART database to study pregnancy abnormalities and delivery 

complications but also to evaluate ongoing health of women, infants, and children. This article 
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will review studies from MOSART in the context of how they compare with those of other 

investigations. We will present MOSART studies that identified the influence of ART and 

subfertility/infertility on adverse pregnancy (pregnancy hypertensive disorder, gestational diabetes, 

placental abnormality) and delivery (preterm birth, low birthweight) outcomes as well as on 

maternal and child hospitalizations. We will provide evidence that although subfertility/infertility 

increases the risk of adverse outcomes, there is additional risk associated with the use of ART. 

Studies exploring the contribution of placental abnormalities as one factor adding to this increased 

ART-associated risk will be described.

Keywords

assisted reproductive technology (ART); preterm birth; maternal health; child health; placental 
abnormalities

Introduction

It is now well established that assisted reproductive technology (ART) is associated with 

increased morbidity for women and children even among singleton pregnancies (1–12). 

For the purpose of this review ART is defined as techniques that involve manipulation of 

eggs and embryos and it includes in vitro fertilization, intracytoplasmic sperm injection, 

and related technologies but not intrauterine insemination (IUI) or controlled ovulation 

hyperstimulation (COH). In singleton deliveries, ART increases the risk of prematurity 

and low birthweight when compared with deliveries to women in the fertile population 

(1, 4, 5, 7). However, ART is used for patients who have been unable to conceive on 

their own and thus the underlying medical conditions that led to this inability to easily 

conceive must be considered. Underlying conditions include infertility diagnoses as well as 

health conditions such as greater body mass index (BMI), chronic hypertension, diabetes, 

and thyroid problems - which could either be associated with the infertility diagnosis or 

themselves contribute to fertility problems.

Quality research into ART outcomes requires appropriate comparison groups that account 

for underlying health conditions. Comparison groups have included deliveries to patients 

using non-ART fertility treatments, such as COH and IUI, or patients with a diagnosis of 

infertility who received no treatment to conceive. Unfortunately, many studies that used 

scientifically sound comparison groups came from a single clinic or medical facility and 

thus, the sample size was too small to adequately assess rare outcomes or was underpowered 

to identify small effects. Many studies also have had limited information on outcomes 

occurring subsequent to delivery.

This article will present information on data that we have analyzed for over 10 years 

to compare health outcomes in women and children of ART-conceived pregnancies to 

those of patients with indicators of infertility, as well as to a fertile population with no 

known infertility. The database we developed, the Massachusetts Outcome Study of Assisted 

Reproductive Technology (MOSART), has strengths and weaknesses, but it has been used 

effectively to analyze delivery outcomes as well as the health of women and children over 

time. MOSART uses a US population, which is important since practice patterns in the 
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US have been different than those in other countries. It is not our intention in this review 

to provide a comprehensive overview of all outcome studies on ART, nor to present a 

systematic review of all literature on the topic of ART outcome. Rather, we present the 

evolution of our findings since establishment of the MOSART database and the central 

hypotheses that have emerged from these studies, while noting the strengths and limitations 

of MOSART data. This review will place the MOSART data and study results in the context 

of similar studies that have advanced our understanding of these topics. While initial results 

suggested that infertility itself was the major factor driving adverse outcomes of ART (13), 

our continued work has led us to further hypothesize that ART adds additional risk over 

that contributed by infertility itself. While we have performed studies that differentiated 

outcomes according to ART methods and procedures, we will concentrate on the observed 

differences in the ART-treated as compared to both the fertile group and to women with 

indicators of infertility, with minimal review of the intra-ART distinctions.

The MOSART database

Study of ART outcomes requires methods for capturing data on both treatment specifics 

and health. In contrast to other countries, some of which have national, integrated, 

comprehensive, longitudinal data collection of medical assessment, treatment, and health 

outcomes, collection of data in the US is piecemeal, incomplete, and rarely designed for 

research. US birth certificate data are collected individually by states using methods that 

vary in scope and definitions. States report on an agreed upon subset of variables that they 

send to the Centers for Disease Control and Prevention (CDC). Longitudinal health data 

are collected by states separate from birth data, or not at all. This section describes the 

establishment of a collaboration among public health practitioners, clinicians, and scientists 

who combined expertise to harness the unique situation in Massachusetts that allowed us to 

merge the most comprehensive ART data collection system in the world – the Society for 

Assisted Reproductive Technology Clinic Outcome Reporting System (SART CORS)—with 

a unique population-level, multifactor database, the Pregnancy to Early Life Longitudinal 

(PELL) data system, to create a comprehensive system for the study of ART outcomes.

Structure of MOSART

SART CORS was developed in the early 1990s in response to the need for transparency 

about success rates at ART clinics. The database was formalized in 1992 under the Fertility 

Clinic Success Rate and Certification Act of 1992 (Public Law 102–493) SART CORS is a 

robust ART database that collects patient demographics, reproductive history, cycle-specific 

treatment data, and outcome information on > 80% of ART clinics and >90% of US ART 

cycles and it includes all ART cycles in Massachusetts. SART CORS was particularly 

useful in early years to keep track of high rates of multiple gestation pregnancies following 

ART treatment. Nevertheless, SART CORS lacks robust information on essential outcomes, 

including pregnancy and delivery complications, and long-term health for women and 

children.

In 2009 a group of SART researchers began discussions with investigators at Boston 

University who were working with a Massachusetts database they had constructed linking 
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birth and fetal death certificates with hospitalization records. The PELL data system was 

developed under a collaboration among Boston University, the Massachusetts Department 

of Public Health (MDPH) and the CDC to study exposures and their outcomes during 

pregnancy. PELL linked data from several Massachusetts datasets from 1998 onwards, 

including the Birth Defects Registry, the Death Index, and the Early Intervention (EI) 

Program (Figure 1). PELL documented factors not collected in SART CORS. First, it 

added information on deliveries not conceived by ART, an essential comparison group to 

ART deliveries. Second, it added critical information on chronic medical conditions in 

women with live born or stillborn deliveries as well as medical conditions experienced 

during pregnancy and delivery. Third, it added a wealth of information on hospitalizations 

experienced by women and their children during and after delivery. Finally, PELL added 

information from other Massachusetts datasets. The leap forward for this initiative was 

linking the SART CORS and PELL databases. The working group for this SART/PELL 

collaboration named the newly constructed combined database, MOSART. Details of the 

linkage have been described elsewhere (14). Currently, the MOSART database includes just 

over one million deliveries and covers the years 2004 through 2017.

More recently, MOSART has been further linked to the Massachusetts Cancer Registry 

and to the Massachusetts All Payers Claims Database (APCD), a database of inpatient and 

outpatient insurance claims data. APCD has allowed us to redefine patient medical and 

fertility history more precisely.

Comparisons with other datasets

There are other datasets – national or research initiative-specific, which are more or less 

complete than MOSART. Countries including Norway (15,16) Australia (6,17), France 

(18), and Denmark (19,20) have a variety of birth and ongoing health registries. Some 

of these datasets have advantages over MOSART for study of longitudinal health since 

they contain outpatient as well as inpatient data. Other US databases include the CDC’s 

States Monitoring ART (SMART) surveillance system, which combines birth certificate, 

national ART-treatment, and some longitudinal health data in 4 states (21), and a linkage of 

cancer registries and SART CORS data for 14 states (22). These datasets, though excellent, 

either do not have the wealth of information found in SART CORS (23) or do not contain 

the additional birth, childhood or women’s health outcomes captured in our contributing 

datasets. Moreover, other datasets never developed efficacious infertile comparison groups 

of the sort developed in MOSART.

Despite considerable strengths, MOSART has some distinct limitations. The database is 

restricted to live and stillborn deliveries at ≥20 weeks gestation or >350 grams. Thus, 

information on early pregnancies, including miscarriages and fetal reduction, is lacking 

and we cannot explore questions about outcomes per pregnancy attempt or include women 

without delivery as a comparison group. We have no information on time-to-pregnancy. 

Added APCD data are limited in that not all insurance companies submit claims, our 

inability to obtain Medicaid data, and in the inability to parse outcomes over time. Finally, 

MOSART data are from one US state, potentially limiting generalizability. Despite these 
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limitations, this is still the most complete data system for the study of ART deliveries and 

subsequent mother and child health in the US.

Defining subfertile and infertile comparison groups

Retrospectively defining an infertile population can be challenging since historic 

information and clinical details may not be readily available. This is particularly because 

no state or national-level database distinguishes among those attempting to conceive, those 

contracepting, those who are sexually active but not contracepting, and those who are not 

sexually active. In defining what came to be called our “subfertile” population in MOSART, 

we had access to the following information on the index delivery of women who did not 

have ART to conceive: 1) whether the patient had fertility treatment indicated on the birth 

or fetal death record of the index or a prior delivery (54.8% of the subfertile group), 2) 

whether the patient had a hospitalization in the 5 years (chosen for practical reasons) prior to 

delivery with an International Classification of Diseases (ICD9) code for infertility (14.2% 

of the subfertile group), and 3) whether the patient had prior ART recorded in SART CORS 

(17.3% of the subfertile group), or 4) a combination of these (13.7%) (24). Based on these 

definitions, we did not have a defined diagnosis of infertility for every woman in the cohort, 

and we therefore called this group “subfertile” rather “infertile”. The subfertile group was 

smaller than the ART group, bolstering our belief that we had not identified every infertile 

couple hence it was a conservative estimate of the infertile population. We accepted this 

conservative definition given that the fertile group was considerably larger, and having some 

infertile women misclassified into the fertile group was not likely to significantly affect 

comparisons, whereas incorrectly assigning women to the subfertile group could have more 

effect within that smaller sample. The subfertile group was more similar to the ART group 

than the fertile group in terms of age (women <25years old 23.5% fertile; 1.6% subfertile, 

0.3% ART), race/ethnicity (non-Hispanic white, 66.8% fertile, 85.1% subfertile, 86.5% 

ART), education (college or graduate degree 40.4% fertile, 69.7% subfertile, 73.6% ART), 

and insurance coverage at delivery (private 58.2% fertile, 92.0% subfertile, 96.6% ART) 

(25).

In some later studies, we divided the subfertile group into those who had non-ART infertility 

treatment and those who did not (26–29). The treated group, which we called the non-ART 

medically assisted reproduction group (non-ART MAR) and the unassisted subfertile group 

(those without treatment for the index delivery but having other indicators of infertility) 

both had characteristics that fell between the fertile and ART groups. More recently, we 

developed a comparison group of women diagnosed with infertility in the outpatient clinic 

as well as the hospital (deliveries between 2013–2017), utilizing ICD9 and ICD10 codes 

in the APCD (30.). This comparison group, that we called “infertile” because all women 

had a diagnosis of infertility, was nearly three times as large as the subfertile group. Even 

this more inclusively defined infertile group was missing those who experienced infertility 

but never presented to a healthcare provider for evaluation. Demographic and reproductive 

history characteristics of the infertile group were similar to those of the subfertile group and 

again, fell between those of the fertile and ART-treated groups (30).
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Underlying conditions and delivery outcomes

Fertile, subfertile, infertile and ART-treated groups

A major early contribution of MOSART was analysis of delivery outcomes of the three 

fertility groups: fertile, subfertile, and ART-treated. As shown in Table 1, both the subfertile 

and the ART-treated compared to the fertile groups had elevated risk of low birth weight 

(LBW) and preterm birth (PTB), but not of infants born small for gestational age (SGA) 

(25,31). The ART-treated group had increased risk over that of the subfertile group. Our 

analyses repeatedly suggested that the subfertile and infertile groups had an elevated risk 

for LBW and PTB, which led us to hypothesize that adverse outcomes were related to 

underlying infertility rather than the ART treatment (13). However, even in early studies 

it was clear that risk in ART deliveries was somewhat higher than in subfertile deliveries. 

More recently, we analyzed outcomes in non-ART MAR and unassisted subfertile subgroups 

(26) and in the infertile group linked to APCD (30) and found again that these had 

characteristics between the other two.

Studies on ART outcome in singletons from other investigators have also suggested that risk 

of adverse outcomes is greater for ART-exposed compared to the fertile population (1–12) 

but that subfertility, IUI, or IUI/(ovulation induction (OI) as well as ART increase these 

risks (32–42). In a 2013 metanalysis, Pinborg et al. (36) concluded that subfertility, with 

and without ART was significantly associated with risk of PTB compared to spontaneous 

conception. Poon and Lian found an OI/IUI effect on PTB between that of ART-treated and 

a spontaneous conception (37). There are also studies comparing siblings conceived with 

and without ART treatment. Romundstat et al (43) studied children born with and without 

assisted fertilization (defined as IVF or ICSI) and found that sequential deliveries to the 

same woman had comparable rates of PTB and LBW regardless of treatment. However, in 

a different study, they found an increase in placenta previa in sibling pregnancies conceived 

with ART compared with those not conceived with ART (16). Dhalwani et al (44) found 

differences in LBW and PTB comparing ART and non-ART in the same woman. In another 

intriguing study, Woo et al (45) found that when compared with a prior pregnancy in the 

same woman, a subsequent pregnancy conceived through gestational surrogacy had more 

pregnancy complications, including pregnancy hypertension, gestational diabetes, placenta 

previa, and more PTB and LBW. Using MOSART, we were able to distinguish deliveries of 

siblings from women who at different points in time were designated as fertile, subfertile, 

and ART-treated (46). These data revealed that sibling risk for LBW and PTB followed the 

pattern of lowest in the fertile, more pronounced in the subfertile, and greatest when ART-

treated regardless of whether the ART treatment was before or after a delivery designated as 

subfertile.

Infertility diagnoses

Underlying causes of infertility include diagnoses of endometriosis, PCOS, other ovulatory 

disorders, uterine factor, tubal factor, male factor, and diminished ovarian reserve (DOR) and 

some of these influence delivery outcomes. For example, Zullo et al in 2017 (47) conducted 

a metanalysis that demonstrated increased risk of PTB in women with endometriosis. 

Farland et al (48) found increased risk for both LBW (independent of gestational age) and 
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PTB in endometriosis patients in the Nurses’ Health Study II cohort. However, Kobayashi 

(49) suggested that the literature varied on this subject. In another example, PCOS was 

found in some, but not all studies, to be associated with increased PTB and LBW (50,51).

Using MOSART, we evaluated infertility diagnoses among ART deliveries and found that 

among ART-treated pregnancies when compared with male factor infertility, ovulatory 

disorders were associated with gestational diabetes as well as PTB and tubal and uterine 

factors were associated with more prenatal hospitalization (52). We also evaluated both 

endometriosis and PCOS and found greater risks for PTB and LBW (53,54). We performed 

two MOSART studies that looked at obstetric outcomes within diagnostic groups conceived 

with and without ART treatment. In the first (55) we found elevations in risk of PTB and 

LBW in ART-treated deliveries with diagnoses of male factor, endometriosis, ovulatory 

disorder, tubal factor, and inflammation, but not in endometriosis patients who did not 

undergo ART. Recently (56), we directly compared ART-treated to non-ART treated 

patients whose diagnoses of tubal factor, PCOS, other ovulatory disorder, and endometriosis 

were determined from APCD. We found increases in risk for ART-treated pregnancies 

and deliveries compared with the non-ART counterparts including risk for diabetes and 

hypertensive disorders of pregnancy as well as in PTB and LBW (Table 2). Of particular 

interest was the increased risk for placental abnormalities in each of the diagnostic groups 

when ART treatment was used. We will return to this observation later in this review.

Women with subfertility/infertility or ART treatment exposures often also have underlying 

health conditions beyond the diagnoses to which infertility is commonly attributed. These 

include higher rates of chronic hypertension and diabetes mellitus and thyroid problems that 

persist even after accounting for age (24–26, 57)..

Risks to women’s health

Pregnancy-associated risks

We have studied pregnancy associated hypertension, preeclampsia/eclampsia, gestational 

diabetes, placental problems, and uterine bleeding. Each of these conditions were elevated 

in ART-treated pregnancies over those in the fertile group but also elevated over those in 

the subfertile group (31,46,57). For example, using the fertile group as reference, pregnancy 

hypertension had adjusted odds (AOR) of 1.22 (95% CI 1.15–1.28) in ART-treated patients 

and 1.12 (95% CI 1.05–1.20) in subfertile patients. Risk in the ART-treated group was 

marginally greater than the subfertile group with AOR of 1.08 (95% CI 1.00–1.18) (31). 

AOR of pregnancy-associated uterine bleeding were 3.80 (95%CI 3.31–4.36) for ART-

treated and 1.67 (95%CI 1.33–2.09) for subfertile deliveries. These results are consistent 

with other literature (58–62).

ART pregnancies also have increased rates of cesarean delivery. We found, for example that 

AORs for singleton cesarean delivery compared to fertile were 1.27 (1.19–1.36) for ART, 

1.26 (1.07–1.47) for unassisted subfertile, and 1.09 (0.96–1.24) for non-ART MAR groups, 

and that underlying medical conditions or prior procedures, particularly, uterine surgery 

prior to the index pregnancy, associated with increased risk in the ART-treated and subfertile 
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groups (63). Increased rates of cesarean delivery for ART-treated pregnancies have been 

shown previously (58–60).

Postpartum risks

A standard method for determining health risks in women following delivery is severe 

maternal morbidity (SMM). SMM is defined by the CDC as having one or more of ICD9/

ICD10 codes for 25 maternal morbidities (64). Using MOSART data, we determined that 

women with an ART-treated delivery are at increased risk for SMM (65). Receipt of blood 

transfusion was the most common indicator of SMM. Women with singleton ART-treated 

deliveries had AORs of SMM of 2.27 (95%CI 1.78–2.88) compared with the fertile group. 

The rates of SMM were not significantly increased in the subfertile group and thus the rate 

of SMM was significantly higher in the ART-treated than the subfertile group. Increased risk 

of SMM following ART has since been shown previously (66–68).

Hospitalizations in women

Hospitalization after ART has only rarely been studied and then, has often involved cycle-

related outcomes such as ovarian hyperstimulation syndrome (OHSS) or complications 

of retrievals (69–71). Whether long-term risk of hospitalization is increased following 

infertility and ART treatment, has received less attention. The MOSART contribution to 

this question included several papers on hospitalization in women following delivery. In a 

2019 paper (26), we found that, in the year post-delivery, adjusting for plurality at birth, 

there were significantly more hospital discharges and observational stays compared to the 

fertile group for those treated with ART (AOR 1.19, 95%CI 1.05–1.34) and those with 

unassisted subfertility (1.59, 1.23–2.07) but not those in the non-ART MAR group. In this 

case, the unassisted subfertile group appeared to have more risk than the ART group but 

this could have been an artifact of this group being considerably smaller and the confidence 

interval wider or the fact that the unassisted subfertile group was largely identified as a 

group with prior hospitalizations for infertility thus affecting subsequent hospitalization. In 

another study, we compared hospitalizations among ART-treated women with and without 

pregnancy or delivery and found no difference in hospitalization (72) suggesting that 

hospitalization was related more to underlying conditions in these ART-treated women than 

to ART treatment factors.

In another more recent study, we extended the timeframe for analysis of hospital discharges 

and observational stays to 8 years post-delivery hospitalization (29). Again, both the non-

ART MAR and unassisted subfertile deliveries as well as the ART-treated group had higher 

rates of overall hospitalization than the fertile group. The increase was apparent in every 

year post-delivery with adjusted relative risk (ARR) at 8 years ranging from 1.18 (1.12–

1.25) for unassisted subfertile, to 1.20 (1.13–1.27) in non-ART MAR, and 1.29 (1.25–1.34) 

in ART-treated women. Hospitalizations were increased for all subfertile groups over the 

fertile group at 8 years post-delivery for cardiovascular disease, overweight and obesity, 

reproductive tract disorders, digestive tract diseases, thyroid conditions (approximately 

doubled in the subfertile groups), respiratory diseases including asthma, breast diseases, 
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diabetes, and other chronic diseases. Women with ART-treated deliveries had increased 

hospitalization for non-reproductive infection, anemia, and cancer-related conditions.

Several other recent studies investigated hospitalization in women after ART treatment. 

Lemardeley et al (18) studied hospitalizations of ART-treated patients in the 2 years before 

and after oocyte retrieval. They found an increased rate of hospitalizations directly related 

to ART treatment, for example, due to OHSS or ovarian torsion. Ongoing long-term health 

was not evaluated. Bungum et al (20) followed women for 9 years to understand the risk 

of cardiovascular disease but found no association with ART treatment. Despite increased 

risk of cancer hospitalizations in the above MOSART study (29), we could not clearly 

distinguish whether ART or subfertility increased the rate of cancers. In part, this is because 

the study timeframe was not sufficient to identify all cancer onset and because our study 

sample, large as it was, lacked the power to identify cancers occurring at low rates. Luke 

et al have studied cancer risk in women using a dataset from 3 states (New York, Texas, 

and Illinois) with risk compared to the general population. They found no overall increase 

in cancer risk over the 5 years following ART treatment (73). Nevertheless, a retrospective 

cohort with 10 years follow up in Norway did demonstrate an increased risk of breast 

cancer (hazard ratio 1.35 (95 % CI 1.07–1.71)) and thus follow up time may be particularly 

important for this outcome (15). Despite being unable to follow risk of cancer in our 

population over time, we evaluated the risk for adverse obstetric outcomes in women with a 

history of cancer prior to treatment (74). We found a higher risk of PTB and LBW in women 

with a history of cancer, and among those women who were subfertile or ART-treated there 

was a higher risk for SGA than for fertile women. We have also found that prior cancer 

was associated with ovarian stimulation response and pregnancy outcome rates among those 

receiving ART treatment (75).

Mortality in women

Using MOSART, we evaluated mortality in women over an average follow-up time of 5.6–

6.0 years (76). In contrast to many of our other studies where the risk was ART-treated 

greater than subfertile which was greater than the fertile group, we found that when 

considering all deaths, women in the fertile group were at greatest risk. Removing women 

who died of external causes (including accident or misadventure) there was no difference 

among groups. Although numbers in their study were low, Sabban et al (62) reported a 

similar reduced rate of mortality in women with ART treatment when compared with fertile 

women. Using a larger Belgian cohort, Vassard et al (77) also found that the ART population 

had lower mortality rates.

Neonatal and child health

Health of infants at delivery

To understand the health effects for newborns, we evaluated birth hospitalizations of 351,692 

singleton infants in the fertile, subfertile, and ART-treated groups to determine incidence of 

adverse health conditions (27). Infants born to subfertile or ART treated women had higher 

odds of infectious disease, respiratory conditions, and gastrointestinal conditions, than the 

fertile group during the birth hospitalization (Table 3). Risk of neonatal mortality was not 
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elevated. We also studied length of birth hospitalizations and the costs of care incurred (78) 

and found that, gestational age was an important factor in inter fertility-group differences. 

In stratified analyses the most pronounced interfertility group differences were among the 

infants born at >37 weeks gestation.

We further evaluated whether infant health conditions for singleton deliveries varied 

according to infant sex and found that although differences persisted among the fertility 

groups, and although males tended to have greater risk than females for many conditions, the 

magnitude of the male to female differences within each fertility group did not differ (79). 

Further, when we evaluated outcomes for singleton ART infants among ART deliveries in 

fresh compared with frozen embryo transfer (80) we found that although infants born from 

frozen embryo transfer had higher birthweight, they also had increased odds of being large 

for gestational age, and of infectious disease, hematologic conditions, respiratory disease, 

and neurologic abnormalities.

There has also been considerable speculation on whether ART increases birth defects, with 

previous studies differing on the conclusions reached (6,81–84). In a study in 2017 using 

the Massachusetts Birth Defects Registry, evaluated birth defects in a combined population 

of singleton and multiple births (85) and found that although multiple pregnancy was the 

major risk factor for birth defects in ART-treated deliveries, subfertility was the second most 

important factor. In addition, in the above-mentioned study by Hwang et al (27), found that 

the risk of chromosomal abnormalities was lower in the ART treated group than in either the 

fertile or subfertile groups. We could not determine whether ART pregnancies had a higher 

risk of loss due to chromosomal abnormalities in the fetus, which could have accounted for 

this difference. Non-chromosomal birth defect rates did not differ.

Child health over 4 years

Studies on long-term health outcomes for children of ART have yielded mixed results 

(86,87). Certainly, multiple gestation, PTB, and LBW increase the risk for adverse 

outcomes, but even singletons born at term with normal birthweight after ART have been 

shown to have altered growth patterns and increased cardiovascular problems compared to 

children born to mothers without infertility (86,88–90).

To assess longitudinal child health, we analyzed hospitalizations of children over the 4 

years after birth (28). Compared to the fertile group, we observed an increase in healthcare 

utilization for singleton offspring born to women with subfertility. ARR for hospital 

stays for children in the ART-treated and non-ART MAR groups were minimally though 

significantly increased for hospital discharge, observational stay, and emergency room (ER) 

visits. The unassisted subfertile group when compared to the fertile group, had increased 

rates of observational stays and ER visits. Hospital utilization in all groups was influenced 

by both gestational age at birth and birthweight. Children born at term with normal 

birthweight showed a more consistent difference in usage among the subfertile groups with 

and without treatment compared to the fertile group. Overall, the ART-treated group had the 

most pronounced differences from the fertile group although direct comparisons among the 

different subfertile groups were not calculated.
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Early intervention and autism

According to the CDC (What is “Early Intervention”? | CDC), Early Intervention (EI) 

comprises “services and supports that are available to babies and young children with 

developmental delays and disabilities and their families.” EI programs include speech and 

physical therapy that support child development. Many studies have shown that the need for 

EI increases in children born premature (91–93) and can be influenced by socioeconomic 

factors (94). Given the increased incidence of PTB and LBW in children born of ART 

treatment and subfertility, we used MOSART to study the association of these factors and EI 

enrollment.

Our paper (95) was the first to study the likelihood of EI enrollment among singletons 

in ART-treated, subfertile, and fertile deliveries. Among 318,305 children, both ART and 

subfertility increased EI enrollment (enrollment= 18.7% ART; 17.4% subfertile; 16.5% 

fertile: P<0.001). Rates were much higher among those with PTB compared to term birth in 

all fertility groups. Using mediation analysis to model PTB as the mediator between ART 

or subfertility and EI enrollment, we found that the Natural Direct Effect of ART on EI 

enrollment was 1.27 (1.19 – 1.36) for ART vs fertile and 1.20 (1.12 – 1.29) for subfertile vs 

fertile groups leading us to conclude that despite the influence of PTB, ART and subfertile 

groups still had independent higher rates of EI enrollment (by 27% and 20% respectively) 

than the fertile group.

In addition to questions about EI enrollment, there has also been debate about whether 

autism spectrum disorders (ASD) are increased in children following ART treatment and 

infertility (96–98). As with EI enrollment, PTB, LBW and SGA status have been shown 

to be associated with ASD (99). We examined the risk of early ASD diagnosis among 

singleton children aged 0–3 years comparing children of ART-treated, subfertile, and fertile 

groups, to assess the direct, indirect (through preterm birth), and total effects of ART and 

subfertility on early ASD (100). We also analyzed the subgroups of IVF (insemination) and 

ICSI. Our study was the first population-based study in the US to use preterm birth as a 

mediator to better estimate the effect of subfertility or ART on ASD. Only the unadjusted 

numbers in the ART-treated group showed a small increase in the prevalence of ASD (1.2%) 

when compared with the fertile group. AORs for ART versus fertile were not statistically 

significant and mediation analysis showed no Natural Direct Effect (100). Although ICSI 

alone had previously been demonstrated to increase ASD (97), it was not shown to do so in 

our study.

ART and placental abnormalities

Placentation hypothesis

We have seen higher rates of PTB, LBW, and some maternal and child complications that is 

greater after ART treatment than after subfertility/infertility alone. To better understand this 

issue, we preformed several studies that looked at one outcome, PTB, using fertility groups 

and the wealth of information in MOSART on chronic conditions, pregnancy conditions, 

and delivery complications. In the first of two papers (101), we analyzed demographic 

factors (maternal and paternal age, race/ethnicity, education), maternal health (hypertension, 
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diabetes, prior uterine surgery, thyroid conditions, and bleeding disorders), pregnancy 

conditions (gestational diabetes and hypertensive disorder, placental problems, and bleeding 

disorders), and infant sex. Through backwards elimination of these factors in multivariate 

models across fertility groups, we determined that the strongest drivers of both early and late 

PTB were placental problems (including abruptio placenta, placenta previa, vasa previa, and 

placenta accreta) and hypertensive disorders. Using mediation analysis, we determined that 

the percent mediation for placental problems for the ART-treatment effect on PTB was 16% 

for late PTB and 32% for early PTB. The percent mediation for unassisted subfertility was 

lower: 7% for late PTB and 12% for early PTB and for MAR, 7% and 12%. In a second 

paper (102) we found both placental problems and pregnancy hypertensive disorders to be 

mediators in the association between ART and PTB with mediation differentially affecting 

outcome depending on ART treatment type (fresh/frozen, IVF/ICSI, autologous/donor egg).

These studies are consistent with the previously demonstrated increased incidence of 

placental abnormalities in ART-treated pregnancies (16,103–111). Abnormal placental 

methylation has also emerged as a possible factor in adverse ART outcomes. (112–114). 

MOSART studies also consistently show increased placental abnormalities in ART-treated 

and subfertile compared to fertile groups with a greater increase after ART. Luke et al found 

a 3-fold difference in risk of placental problems in ART-treated compared to fertile and 

a 2-fold increase in subfertile compared to fertile deliveries in sibling analyses (46). An 

increase in placental problems in ART-treated pregnancies was particularly obvious in our 

study of underlying diagnoses with and without ART-treatment (56). These observations are 

consistent with the hypothesis that abnormal placentation after ART treatment contributes 

to the increase in PTB, LBW and potentially with longer-term health outcomes over that of 

subfertility. We are currently evaluating maternal, ART cycle-specific, and laboratory factors 

that contribute to placenta previa and find that risk factors in the ART population differ from 

those of the general population (115) but that the condition of the uterus at transfer and the 

process of embryo transfer itself, may be involved.

Summary and conclusions

Summary

Using the MOSART database we have added to existing studies on the risks of ART 

pregnancies and deliveries including a comparison of these risks to those of subfertile/

infertile women whose pregnancies were conceived without ART. Figure 2a summarizes 

our findings for the subfertile/infertile groups as compared with the fertile group. We have 

consistently shown greater risk of adverse outcomes for subfertility/infertility and ART 

treatment for pregnancy, PTB, LBW, risks of women’s hospitalization, and risks to child 

health including of specific medical conditions. Figure 2b shows that our studies also 

demonstrated risks to ART-treated women as compared with the non-ART subfertile/infertile 

women, to be increased during pregnancy (particularly for placental problems) after delivery 

(risk of SMM), and for some hospitalizations, and for children to be increased for PTB and 

LBW as well as some hospitalizations and EI enrollment. While the increased risk during 

pregnancy and delivery was consistently greater in the ART group, differences were less 

pronounced or absent when looking at subsequent ongoing health in women and children. 
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We acknowledge that it is possible that some of this increased risk with ART arises from 

ART patients having more severe infertility, however, on the basis of sibling studies as 

well as observations of placental abnormalities, we believe our studies demonstrate that this 

does not explain all of the increase in risk, and we propose that ART treatment itself is a 

contributing factor.

Conclusions

The MOSART dataset has been a unique resource that was developed with the expertise 

and assistance of multiple collaborating researchers and organizations. This unique dataset 

has allowed us to contribute a wealth of information to the field of ART outcomes research 

and to explore the influence of underlying subfertility/infertility to the elevated risks seen 

following ART treatment. Through use of these data, we have been able to address some 

of the more pressing questions about the health risk of these procedures and have found 

that while subfertility/infertility increases risks during and after pregnancy for both mothers 

and children, ART treatment further increases some of these risks, with the possibility 

of abnormal placentation contributing to this increased risk. Future studies should further 

explore this possibility. Our results suggest that patients should be counseled on specific 

risks they might expect given their infertility diagnoses and/or use of ART as well as be 

encouraged to inform their obstetricians, primary care physicians, and pediatricians of this 

medical background so that their pregnancies, deliveries and ongoing health and the health 

of their children be monitored more closely. Moreover, our MOSART analyses highlight 

the importance of, and continued need for, population-based monitoring of perinatal health 

outcomes for this group at state- and national-levels.
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Highlights:

1. The Massachusetts Outcome Study of Assisted Reproductive Technology 

(MOSART) is a unique data system comprised of cycle-based ART data 

linked to birth certificates, fetal death certificates, hospital utilization, and 

other health datasets in the state.

2. Studies using MOSART data have demonstrated increased risk of adverse 

outcome in pregnancies and deliveries as a function of subfertility/infertility 

and, to a greater extent, ART when compared with pregnancies and deliveries 

to fertile women.

3. Studies using MOSART data have demonstrated increased risk of adverse 

health outcomes for women, infants, and young children in the subfertle/

infertile and ART groups when compared with those in the fertile group.

4. Placental abnormalities may be particularly important in the increased risk 

for preterm birth following ART treatment even as compared with subfertile/

infertile groups.
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Figure 1: 
Massachusetts Outcome Study of Assisted Reproductive Technology (MOSART) Schema
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Figure 2a: 
Adverse Outcomes Increased in Subfertile/Infertile and ART Groups
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Figure 2b: 
Adverse Outcomes Increased in ART over Subfertile/Infertile Groups
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