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Abstract 

Assisted reproductive technologies have become a common method used to treat infertility. 

These techniques have advanced quickly since the first birth of an in vitro fertilization (IVF) baby 

in 1978, at the Royal Oldham Hospital in the United Kingdom. Currently, IVF with or without 

intracytoplasmic sperm injection, is used throughout the world to achieve oocyte retrieval, 

fertilization, implantation of an embryo, clinical pregnancy, ongoing clinical pregnancy, and a 

live-born infant. The rationale for selecting one type of fertility treatment over another is 

multifactorial: the confirmed or unconfirmed cause of infertility, the age of the gamete donor 

and the recipient, the availability of the type of treatment, and the cost associated with the 

treatment. The ultimate goal of any fertility treatment is to achieve a successful pregnancy that 

results in a healthy infant. However, the literature is equivocal on the effects of fertility 

treatment cycles on the health outcomes of infants and mothers.  

Presently, there are thirty-six fertility treatment centres across Canada, eighteen of which reside 

in Ontario. A national, comprehensive database of assisted reproductive technology treatment 

cycles (Canadian Assisted Reproductive Technologies Register (CARTR) Plus) began collecting 

data in 2013, and has made the research objectives of this doctoral thesis feasible. Before this 

data collection system, population-wide studies involving fertility treatments were not possible 

in Canada. Two understudied issues associated with IVF are the impact of fertility treatments on 

the maternal serum screening markers used in prenatal screening programs to identify fetal 

aneuploidies; and the association between fertility treatments and adverse perinatal outcomes, 

such as preeclampsia and stillbirth. Given the increasing number of women who are using 

fertility treatments to conceive, it is imperative that studies investigating the association with 

adverse outcomes are conducted.  

As the science supporting fertility treatment procedure has advanced, so has prenatal screening. 

One of the first screening tests that are performed for newly pregnant women, including women 

who conceived following IVF, is maternal serum screening. The first objective of this doctoral 

thesis was to systematically review the literature on the association between IVF treatment and 

maternal serum screening marker levels and nuchal translucency (NT) thickness. After the 

search and screening of the literature there were 40 studies that were included in this 



 

 

 

iii 

systematic review. A decrease in pregnancy-associated plasma protein A (PAPP-A) and an 

increase in total human chorionic gonadotropin (hCG) was consistently reported for IVF 

pregnancies. However, since the levels of the other maternal serum screening markers reported 

also varied we were unable to generalize about the differences between prenatal screening 

results in the IVF population. These results led to investigating maternal serum screening marker 

levels among IVF patients in Ontario, Canada. 

The second objective of this thesis was three-fold: 1) to investigate the accuracy of IVF 

identification on the Ontario prenatal screening record, relative to reference standard on the 

CARTR Plus database; 2) to compare the prenatal screening markers in IVF versus non-IVF 

pregnancies in the population of Ontario; and 3) to propose updated IVF adjustment factors for 

prenatal screening in the Ontario population, based on the more accurate coding for IVF status 

in the CARTR Plus database. Significant differences between IVF and non-IVF groups, based on 

both the prenatal screening requisition information and CARTR Plus information, were found 

among the ethnicity adjusted mean multiple of the median (MoM)s for several prenatal 

screening markers: alpha-fetoprotein (AFP), PAPP-A, unconjugated estriol (µE3), first trimester 

hCG, total hCG, and dimeric inhibin A (DIA). When we developed the proposed adjustment 

factors for all CARTR Plus identified pregnancies we found that for PAPP-A, total hCG, and µE3 

the mean adjusted marker MoMs were significantly closer to 1.00, as compared to the prenatal 

screening adjusted or the unadjusted mean marker MoMs. Currently, there is no adjustment 

made to the other maternal serum screening markers and NT measurement.  

The third objective was to examine the effect of type of infertility on placental-mediated 

adverse outcomes (preeclampsia, intrauterine growth restriction, placental abruption, and 

stillbirth). Type of infertility was classified as male factor (sperm count, poor sperm motility, and 

abnormal sperm morphology), female factor (ovulation disorders, tubal infertility, and uterine or 

cervical causes), and unexplained infertility. No significant associations were found between 

type of conception and the composite outcome, as well as each individual primary outcome. 

Similarly, the type of infertility was not associated with the composite outcome or any of the 

individual primary outcomes, except for female factor infertility, which was associated with 

increased probability of placental abruption. 
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Overall, the results from this doctoral thesis suggest that there are substantial differences seen 

in maternal serum screening marker MoMs among women who use IVF to conceive, suggesting 

that appropriate adjustment factors should be employed to ensure accurate results for 

determining the risk of Down syndrome and trisomy 18. Additionally, although the literature has 

shown an association between fertility treatment and placental-mediated adverse outcomes no 

significant associations were found in the population of Ontario. Further studies should be 

performed to confirm the results of these observational studies. 
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Chapter 1. Prologue 

1.1 Background 

The use of assisted reproductive technologies (ART) has been increasing globally and accounts 

for approximately five million births worldwide1. All of the technologies available in this field 

(e.g., in vitro fertilization, intrauterine insemination, donor gametes and frozen embryos) have 

progressed rapidly and this has resulted in remarkable advances in a relatively short timeframe. 

These developments have had positive impacts on subfertile couples with the caveat of more 

complex pregnancies. Babies that were conceived with ART may have increased risks for 

antenatal and postpartum complications and as a result may more often require greater medical 

attention.2,3 

Research on the effects of these therapies has shown higher rates of placental-mediated 

adverse outcomes among ART pregnancies; however the etiology of the increased rate of 

adverse outcomes is uncertain.4,5 This doctoral thesis investigated the effect of the type of 

infertility on placental-mediated adverse outcomes for patients that used fertility treatment and 

determined if and how maternal serum screening (MSS) markers are different in women that 

used in vitro fertilization (IVF) compared to women who conceived spontaneously, since 

changes in the serum screening markers may increase the rate of false-positive screens 

ascertained6. Given the increasing number of women who are using fertility treatments to 

conceive, it is imperative that studies investigating the use of maternal serum screening markers 

and the association with adverse outcomes are conducted. Until recently, population-wide 

studies involving fertility treatments were not possible in Canada.  

 

1.2 Research objectives  

The objective of this doctoral thesis was to investigate IVF use within Ontario with respect to its 

impact on measured maternal screening markers used in prenatal screening and its association 

with placental-mediated adverse outcomes. The three specific objectives were: 

i. To perform a systematic review on maternal serum screening markers in women who 

used IVF to become pregnant (Manuscript 1). 
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ii. To investigate how maternal serum screening markers are different in women who used 

IVF with or without ICSI compared to women who conceived spontaneously in the 

population of Ontario (Manuscript 2).  

iii. To determine the effect of the type of infertility on placental-mediated adverse 

outcomes for patients that used IVF with or without ICSI (Manuscript 3). 

1.3 Rationale 

Understanding differences that occur among potential adverse pregnancy and neonatal 

outcomes among the IVF population is important for assessing the risks and planning the 

appropriate path of clinical care. The first manuscript of this dissertation aimed to identify 

differences that were present in MSS markers and nuchal translucency thickness among the IVF 

population as compared to spontaneous conception. Acknowledging variations in MSS marker 

levels among IVF pregnancies, some of which have a substantive clinical hypothesis to support 

the differences and others which are consistently observed, but no causal link has been 

established, would provide a foundation for whether these differences persist in multiple 

populations. The results of Manuscript 1 directly lead into the rationale for Manuscript 2. Given 

that globally there were differences observed in MSS markers and nuchal translucency 

thickness, I aimed to investigate whether these differences were present in the population of 

Ontario. Additionally, I investigated if accurate identification of IVF conceptions were occurring 

with the current method of reporting (prenatal screening record), as compared to the new 

benchmark (Canadian Assisted Reproductive Technologies Register (CARTR) Plus). If the 

accuracy of identifying IVF conceptions was poor, MSS marker adjustments were inappropriately 

applied. This led to the rationale for the third objective of Manuscript 2, proposing new 

adjustment factors for MSS markers and nuchal translucency thickness that are appropriate for 

the Ontario population. The first two manuscripts involved MSS markers, which are produced by 

the fetus and the placenta and are used to determine the assessed risk for fetal aneuploidies. 

The aim of Manuscript 3 was to investigate placental-mediate adverse outcomes that may be 

associated with the underlying cause of infertility (male factor, female factor, unexplained). 
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1.4 Organization of dissertation  

This dissertation is manuscript based and includes three original manuscripts. An overarching 

literature review is presented in Chapter 2. This is followed by the three manuscripts: 1) a 

systematic review on the differences in maternal serum screening marker levels in women who 

conceived using IVF (Chapter 3); 2) a study that used secondary analysis of population-based 

datasets to investigate the difference in maternal serum screening marker results among IVF 

patients in Ontario, Canada and applied adjustment factors to improve the accuracy of the 

results (Chapter 4); and 3) a study examining the effect of type of infertility on placental-

mediated adverse outcomes among IVF patients in Ontario, Canada (Chapter 5). Preceding each 

manuscript is a preface that describes the purpose of the study and why its inclusion is 

appropriate for this dissertation. A final discussion is presented in Chapter 6 which summarizes 

and integrates the main findings, implications and final conclusions. The Reference List contains 

all publications used throughout this dissertation that were not only cited in a manuscript. 

Additionally, each manuscript contains an individual references lists at the end of the chapter.  
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Chapter 2. Literature Review 

2.1 Infertility and fertility treatment 

Infertility affects a growing number of individuals in Canada. Assisted reproductive technologies 

are used in the treatment of individuals who have difficulty conceiving naturally. The range of 

fertility treatments available has grown exponentially since the birth of Louise Brown, the first 

baby born though in vitro fertilization.1 Multiple types of fertility treatments are currently 

available: medications for ovulation induction (e.g., clomiphene citrate, gonadotropins), surgical 

procedures (e.g., tubal surgical repair) and assisted conception (e.g., controlled ovarian 

hyperstimulation with intrauterine insemination or IVF).7 ART includes all treatments where 

gametes are manipulated in an external environment (laboratory) in order to facilitate 

pregnancy and a healthy birth.8,9 The rationale for selecting the type of fertility treatment is 

patient and clinical situation dependent. The confirmed or unconfirmed cause of infertility, the 

age of the gamete donor and the recipient, the availability of the type of treatment and the cost 

associated with the treatment are factors that influence both the physician and patient’s 

decision of which treatment to follow.10  

IVF is the most common form of ART in Canada.11 It involves pharmacologically-controlled 

ovarian stimulation (a woman’s ovaries are stimulated to produce multiple follicles and 

oocytes), transvaginal ultrasound-guided retrieval of oocytes (retrieval of oocytes from mature 

follicles), extracorporeal insemination or injection of the egg and fertilization (to combine 

genetic material from both gametes to produce a zygote), laboratory culture of the embryo in 

an incubator, and ends with the transfer of the developing embryo into a woman’s uterus.9 

Insemination and fertilization can occur with or without intracytoplasmic sperm injection (ICSI), 

a method of insemination in which a single spermatozoon is directly injected into the oocyte 

cytoplasm.9 This process is associated with an increased risk of chromosomal abnormalities in 

severe male factor infertility.12,13 IVF treatment cycles can involve a fresh embryo transfer, which 

will be referred to as IVF throughout this dissertation, or a frozen embryo transfer (FET). The 

latter involves the previous cryopreservation of an embryo through vitrification, slow freezing or 

mixed methods. The frozen embryo is later thawed and transferred into a woman’s uterus. For 

both IVF and FET treatment cycles, the transfer can occur at various points of embryonic 
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development. Most commonly in Canada, embryos are transferred at the cleavage stage (day-3), 

but better quality embryos are transferred at the blastocyst stage (day-5) of development.11  

In 2013, there were 25,349 fertility treatment cycles started in Canadian fertility treatment 

centres, which resulted in 7,704 clinical pregnancies and 7,693 ongoing clinical pregnancies.14 

Over the past three years there has been an increase in the number of fertility treatment cycles 

and clinical pregnancies (Figure 2-1).15 Unfortunately, there is also an increased risk of an 

adverse pregnancy outcome among women who use ART to conceive.16 The type of infertility 

may influence the risk of adverse pregnancy outcomes. Maternal age at the time of oocyte 

retrieval, ovulation disorders, uterine structural malformations and sperm health will each affect 

the success of pregnancy.17,18 

 

* Clinical pregnancy: clinical intrauterine, heterotopic, or ectopic pregnancy 
† Ongoing clinical pregnancy: clinical pregnancy with ≥1 fetal heart beat on ultrasound 

Figure 2-1 Number of fertility treatment cycles and clinical pregnancies for all ART treatment 
cycle types in Canada15 
Analyzed and presented at the Canadian Fertility and Andrology Society Annual Meeting (2016) 
by A. Lanes 

 

2.2 Type of infertility 

The World Health Organization defines infertility as: 1) the inability to become pregnant; 2) an 

inability to maintain a pregnancy; or 3) an inability to carry a pregnancy to a live birth.19 The type 
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of infertility is classified into four categories: 1) male factor infertility; 2) female factor infertility; 

3) combined infertility; and 4) unexplained infertility. Male factor infertility can result from a 

decreased sperm count, poor sperm motility or abnormal sperm morphology. Female factor 

infertility includes: 1) ovulation disorders (e.g., Polycystic Ovary Syndrome, hypothalamic 

dysfunction or premature ovarian insufficiency); 2) tubal infertility (e.g., blocked or damaged 

fallopian tubes, pelvic adhesive disease or endometriosis); and/or 3) uterine or cervical causes 

(e.g., benign uterine fibroids, congenital uterine malformations or unfavourable cervical mucus). 

Combined infertility results when both the female and male partners have demonstrable causes 

of infertility. An ‘unexplained infertility’ classification is given when the underlying etiology of 

the infertility cannot be determined. In 2015, male factor infertility was the most commonly 

cited reason for receiving fertility treatment (Figure 2-2).15 

 

* Categories are not mutually exclusive 
† Other reasons include: gonadotoxic therapy, no female partner and peritoneal factor or severe adhesions 

Figure 2-2 Distribution of reasons for receiving fertility treatment in Canada15 
Analyzed and presented at the Canadian Fertility and Andrology Society Annual Meeting (2016) 
by A. Lanes 

 

2.3 Maternal Serum Screening markers 

Prenatal screening is performed to identify pregnancies at an increased risk of fetal aneuploidy. 

Screening for these abnormalities was first performed in the 1960s.20 Currently, women are 
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offered prenatal screening options that include examination of a maternal blood sample with 

the addition of an ultrasound to identify markers that indicate an increased risk of fetal 

aneuploidy or other anomaly prior to any invasive testing.20 Prenatal screening aims to detect 

Down syndrome, trisomy 18 and open neural tube defects.21  

Children with Down syndrome have three copies of chromosome 21 and experience intellectual 

disabilities, which vary among affected children, and typically have specific facial characteristics 

and hypotonia.20–22 Individuals with Down syndrome are also at increased risk of dementia, 

cardiac malformation, leukemia and immune system defects.22 Trisomy 18 (Edwards syndrome) 

occurs due to a chromosomal imbalance that results in three copies of chromosome 18.20 Most 

pregnancies affected by trisomy 18 end in miscarriage or stillbirth (95%), while death by 1 year 

of age is the expected outcome among live born infants with this syndrome.21 Open neural tube 

defects occur when the neural tube fails to close during embryologic development.23 

Anencephaly and spina bifida are two of the most common types of open neural tube defects.24 

While anencephaly usually results in miscarriage or stillbirth, infants with spina bifida may 

survive with medical complications and long-term disabilities that vary in severity.24 

The risk of these syndromes and conditions can be assessed during pregnancy using Integrated 

Prenatal Screening (IPS), Serum Integrated Prenatal Screening (SIPS), First Trimester Combined 

Screening (FTS) and Maternal Serum Triple and Quadruple Screening.21 These prenatal screening 

tests differ in terms of the maternal serum screening markers that are examined, as well as 

whether nuchal translucency screening by ultrasound is included as part of the test. Levels of 

Pregnancy Associated Plasma Protein A (PAPP-A), alpha feto-protein (AFP), human chorionic 

gonadotrophin (hCG), unconjugated estriol (μE3) and Dimeric Inhibin-A (DIA) are assessed during 

the prenatal screen (Table 2-1). Increases and/or decreases of these markers suggest an 

increased risk of Down syndrome, trisomy 18 or open neural tube defects (Table 2-2). 

). These maternal serum markers are measured by the multiple of the median (MoM) as 

demonstrated by Equation 2-1. It is the median of the concentration of the marker being 

screened compared to the population reference value at a specific gestational age. An 

ultrasound is also conducted to assess the thickness of the nuchal translucency. If the screening 

test is positive, an amniocentesis for diagnostic confirmation may be performed. Ideally this 

takes place between 15 and 17 weeks, but it can be performed until 22 weeks’gestation.21 
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In 2013, non-invasive prenatal testing (NIPT) began to be offered in Canada.25 It uses circulating 

cell free DNA in the maternal plasma to investigate chromosomal abnormalities in the fetus.26 In 

Ontario, NIPT is available on a self-pay basis for a $800 to $1,000 fee.25 However, in August 

2016, the Ontario Ministry of Health and Long-term Care started funding NIPT for women who 

met eligibility criteria.27 A physician can order a provincially-funded NIPT screen for a woman 

who has a singleton pregnancy and: 1) a positive result for aneuploidy on a MSS test; 2) the 

woman will be 40 years of age or older at the estimated date of delivery; 3) a fetal nuchal 

translucency ≥ 3.5mm; or 4) a past pregnancy aneuploidy or previous child with an aneuploidy.27 

A geneticist or maternal fetal medicine specialist can order this screen if: 1) a fetal congenital 

anomaly is identified through ultrasound and it suggested an increased risk for Down syndrome, 

trisomy 18 or trisomy 13; 2) the risk of an aneuploidy for Down syndrome, trisomy 18 or trisomy 

13 is greater than that of a positive MSS marker screen; or 3) it is required for sex chromosome 

determination indicated for clinical management.27 BORN Ontario (Supplemental Text C-1) is in 

the process of collecting all Ontario NIPT records to have test and outcome data linked together. 

Table 2-1 Maternal Serum Screening markers tested among different prenatal screening tests  

 First trimester 
11-13+6/7 weeks 

Second trimester 
15-20+6/7 weeks 

Screen negative 

IPS Nuchal Translucency   
PAPP-A 

AFP 
μE3 
hCG 

Ultrasound 
(18-20weeks) 

SIPS PAPP-A AFP 
μE3 
hCG 
DIA 

Ultrasound 
(18-20weeks) 

FTS Nuchal Translucency   
PAPP-A 
βhCG 

 AFP (15-20 weeks) 
Ultrasound 

(18-20weeks) 
 

Maternal Serum 
Triple Screening 

 AFP 
μE3 
hCG 

Ultrasound 
(18-20weeks) 

 

Maternal Serum 
Quadruple 
Screening 

 AFP 
μE3 
hCG 
DIA 

Ultrasound 
(18-20weeks) 
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Table 2-2 Change of maternal serum markers present at the first trimester screen for Down 
syndrome, Trisomy 18 and neural tube defects 

 Down Syndrome Trisomy 18 Neural Tube Defect 

Screening at 
<14 weeks 

Screening at 
>14 weeks 

AFP Decreased Decreased Decreased Increased 

βhCG Increased Increased Decreased  

μE3 Decreased Decreased Decreased  

PAPP-A Decreased  Decreased  

DIA Increased Increased Decreased  

 

Equation 2-1 Multiple of the Median calculation 
 

MoM(Patient) =         Result(Patient) 

Median(Patient Population) 

 

 

2.3.1 Maternal Serum Screening and adjustment factors 

There are four prenatal screening labs in Ontario that perform these analyses and report on the 

risk of Down syndrome and trisomy 18. The adjustment factors are quantitatively the same at 

three of these prenatal screening labs and different at one lab (personal communication: S. 

Dougan October 24, 2016). Adjustment factors are required in specific clinical populations to 

bring the population mean MoM near 1.00. The raw serum screening markers are adjusted for 

maternal weight to account for the dilution of the MSS markers due to increased blood volume28 

and for gestational age, preferably estimated through ultrasound.20 The amount of each MSS 

marker varies based on gestational age. Some MSS markers differ substantially from one day to 

the next; therefore an accurate gestation age is extremely important. 

Currently in Ontario, there are four additional potential adjustment factors applied to the 

gestational age curve and weight curve modified MoM. In order to improve the accuracy of the 

screening test the MoMs are adjusted for ethnicity, insulin-dependent diabetes mellitus, 

smoking and IVF use where applicable.20 There have been documented observed differences in 

MSS markers among ethnic groups. Spencer et al.,29 found a 19% increase in free βhCG in Afro-

Caribbean and Asian women as compared to Caucasian women, as well as a 48% and 35% 
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increase in PAPP-A among the same ethnic groups. An increased µE3 has been found among 

Aboriginal women in Canada.30 AFP and µE3 have been found to be statistically lower among 

women with insulin-dependent diabetes mellitus as compared to women without insulin-

dependent diabetes mellitus.31 Although a meta-analysis by Bestwick et al.,32 determined that 

the effect of adjusting for smoking was small since the application of the adjustment factor 

required minimal effort it should be applied when appropriate. 

 

2.3.2 Maternal Serum Screening markers and an IVF adjustment factor 

Currently in Ontario, at the time of the prenatal screen women are asked if they used IVF to 

assist with conception. This information is then used to determine if a correction factor should 

be applied during the analysis of the maternal serum markers. There is the potential for 

misclassification if a woman believes that she had IVF, but actually had another form of ART. The 

methods employed are contingent on women accurately disclosing the method of conception. 

Studies on small cohorts have shown that there are differences in the results seen among IVF 

pregnancies compared to non-IVF pregnancies.33,34 There is an observed increase in total hCG  

which may result due to increased levels of progesterone produced by the multiple corpora 

lutea after ovarian stimulation.35 Lower levels of µE3 are also observed, however a causal link to 

this decrease has not been found.35 In order to account for these differences, an adjustment 

factor is applied to each IVF pregnancy. This ensures that appropriate MSS marker MoMs are 

used in the calculation for the assessed risk of fetal aneuploidies. An incorrect interpretation of 

these results may cause unnecessary invasive testing (amniocentesis) to be performed; or 

conversely, a patient may be informed that her pregnancy does not have a high risk for a fetal 

aneuploidy when there actually is an increased assessed risk. This can lead to inappropriate 

decisions pathway for clinical care.  
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‘BORN’ identifies when those data are contained within BORN Ontario (Ontario maternal-child registry). 

 
Figure 2-3 Flow diagram of current MSS marker adjustments in Ontario, Canada 

 

2.4 Epidemiology of adverse perinatal outcomes 

2.4.1 Stillbirth 

The World Health Organization international definition for stillbirth is a death prior to birth and 

a weight of ≥1000g or if there is no information on weight a gestational age of ≥28 weeks, or if 

gestational age is not known a body length of ≥35cm.36 However, the definition of stillbirth 

varies globally;37 in Canada stillbirth is defined as fetal demise at ≥20 weeks’ gestation and a 

birth weight of ≥500g.38 Documenting stillbirths continues to be a challenge.37 In 2015, sixty-five 

percent of worldwide stillbirths occurred in ten developing countries.37 Stillbirths can be 

attributed to a variety of factors including socio-demographic, nutritional, maternal factors (e.g., 

diabetes, maternal age, and body mass index) and fetal factors (e.g., intrauterine growth 

restriction and congenital anomalies).37,39,40 
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Studies have previously found a significant difference in the rate of stillbirths among ART 

conceptions compared to spontaneous conception.41,42 In Canada, the stillbirth rate per embryo 

transfer cycle was 0.27% for women who used IVF to conceive (Figure 2-4). The stillbirth rate 

was similar among FET cycles using autologous oocytes (0.27%).14 

 

Patient age (years) 
 
ART cycles using IVF – own oocytes, 2014 
* Stillbirths: birth outcome where no fetus(es) was born alive and at least one stillbirth at ≥ 20 weeks’ gestation 

Ɨ Miscarriage: birth outcome where all fetuses were a ‘pregnancy loss’ at <20 weeks’ gestation 

Figure 2-4 Proportion of miscarriage and stillbirth rates in Canada among IVF pregnancies14 
Analyzed and presented at the Canadian Fertility and Andrology Society Annual Meeting (2016) 
by A. Lanes 

 

2.4.2 Intrauterine growth restriction (IUGR) 

Intrauterine growth restriction (IUGR) occurs when a fetus does not achieve its full growth 

potential and is smaller than average.43–46 It is frequently due to genetic (chromosomal 

abnormalities) or environmental factors.47,48 Most commonly small for gestational age is defined 

as an estimated fetal weight of less than the 10th percentile for gestational age.45,48,49 IUGR is 

associated with an increased prevalence of adverse fetal, neonatal and adult outcomes.43,45 

However, IUGR is a challenge to diagnose and small for gestational age (SGA) is the most 

common surrogate.43,48 A diagnosis of SGA is usually determined antenatally by fetal ultrasound, 

which may allow for an appropriate intervention to decrease morbidity and mortality.45,49 It is 
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usually defined as less than the 10th percentile of estimated fetal weight;49 however, SGA has 

also been defined as a birth weight or birth crown-heel length that is ≤2 SD from the mean for 

the specific age.50 

Zhu et al.,44 found that an increased risk for SGA among subfertile women remained after 

adjustments for maternal age, smoking and parity. Similar results were found in a meta-analysis 

by Jackson et al.,16 among singleton pregnancies in women who conceived through IVF; although 

a few studies found no increased association.51–55 

 

2.4.3 Preeclampsia 

The prevalence of preeclampsia ranges from two percent to eight percent worldwide.56 The 

Society of Obstetricians and Gynaecologists of Canada defines preeclampsia as gestational 

hypertension with one or more of the following: new proteinuria, or one or more adverse 

conditions, or one or more severe complications.57 The placenta is thought to be the most 

significant organ associated with the development of preeclampsia.58 It can be caused by flawed 

placentation, a lowered maternal threshold or excessive physiological placentation.57 Risk 

factors for preeclampsia include: nulliparity, excess placental volume, and obesity.56 Smoking 

has been shown to significantly decrease the risk of preeclampsia.59 The removal of the placenta 

remains the most successful method of resolving the symptoms.60 Preeclampsia is commonly 

linked to IUGR.43,45,47,56,57 Studies have also shown that preeclampsia may be associated with 

negative long-term effects on the cardiovascular and renal systems.61–63  

Previous studies have found a positive association between fertility treatment and 

preeclampsia.12,64 Multiple pregnancies among women who used fertility treatments to conceive 

have been found to be associated with an increased risk of preeclampsia.65 However, other 

studies suggested the opposite; that there was no significant association between fertility 

treatment and preeclampsia once maternal age and parity have been considered.66,67  

 

2.4.4 Placental abruption 

Placental abruption occurs when there is  premature separation of the placenta prior to delivery 

after 20 weeks’ gestation.68,69 It is often linked with fetal or neonatal complications;68 however it 
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may also occur when a haematoma is diagnosed around the placenta and may not result in 

immediate treatment.70  Preeclampsia, preterm pre-labour rupture of membranes (PPROM), 

and gestational hypertension have been associated with an increased risk of placental 

abruption.71 Additionally, placental abruption has been found to be associated with preterm 

birth.71,72 

Subfertile women have been found have an increased rate of placental abruption.73,74 This is 

most likely due to the association between multiple gestation pregnancies and an increased risk 

for placental abruption.75  

 

2.4.5 Preterm birth 

Preterm birth is generally defined as a birth at less than 37 weeks’ gestation, however this varies 

by country.72 In Canada, a gestational age of less than 37 weeks is used to define a preterm 

birth, a gestational age of less than 32 weeks defines a very preterm birth, and a gestational age 

of less than 28 weeks defines an extremely preterm birth.76 Globally preterm birth is the leading 

cause of perinatal morbidity and mortality.72,77 In Ontario, the rate of preterm birth was 8.1% in 

2011-2012, which was 0.3% higher than the national average.76 The etiology of preterm birth is 

often grouped into three categories: 1) spontaneous labour with membranes intact; 2) PPROM; 

and 3) maternal or fetal indications without spontaneous labour.72,77 Category number three is 

most relevant to the placental-mediated adverse outcomes discussed in this thesis. Several 

studies have found that preterm birth may be associated with IUGR, stillbirth or other placental-

mediated adverse outcomes.37,40,49,78 

The increased rate of preterm births is often attributed to multiple gestation pregnancies 

achieved through assisted reproductive technologies.5,72,74 Policies in Canada have focused on 

performing single embryo transfers in order to reduce the multiple pregnancy rate.74,79 Among 

women who used ART to conceive in Canada the multiple pregnancy rate per ongoing clinical 

pregnancy was reduced to 12.2% in 2015, down from 21.2% in 2011 (Figure 2-5). Preterm birth 

is associated with increased costs, as compared to term births, primarily due to increased time 

spent in the neonatal intensive care unit (NICU).76 Therefore, the dramatic decrease in multiple 

gestation pregnancies achieved through ART may decrease the cost to the healthcare system. 
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* Ongoing clinical pregnancy: clinical pregnancy with ≥1 fetal heart beat on ultrasound 

† Multiple pregnancy: ongoing clinical pregnancy with >1 fetal heart beat on ultrasound 

Figure 2-5 Multiple pregnancy rate in Canada among ART pregnancies15 
Analyzed and presented at the Canadian Fertility and Andrology Society Annual Meeting (2016) 
by A. Lanes 
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Chapter 3. [Manuscript 1] Maternal serum screening markers and nuchal 

translucency measurements among in vitro fertilization pregnancies: a 

systematic review 

 

3.1 Preface to Manuscript 1 

Identifying evidence through a systematic review of the literature established the current state 

of our understanding about the association between fertility treatments and maternal serum 

screening markers (pregnancy-associated plasma protein A (PAPP-A), alpha-fetoprotein (AFP), 

human chorionic gonadotropin (hCG), unconjugated estriol (µE3), Dimeric Inhibin-A (DIA)) and 

nuchal translucency thickness. The search strategy was conservative to ensure capture of all 

appropriate studies. Ovid MEDLINE, Embase and COCHRANE databases were all extensively 

searched. 

There have been a large number of studies conducted in this area; however most do not 

investigate all maternal serum screening markers, rather only a subset of maternal serum 

screening markers. Studies also did not always incorporate frozen embryo transfers or the 

method of insemination in their analyses and reporting. It was also important to investigate if 

the mean or median maternal serum screening marker MoM values were consistently reported, 

as this information is important when these values are used in algorithms for calculating a 

patient’s risk of Down syndrome or trisomy 18. 

Additionally, the majority of studies were conducted with smaller cohorts, as opposed to 

population-level data. However, eleven of the included forty studies each analyzed more than 

10,000 pregnancies in their studies; thus allowing confidence in the summarized findings of this 

systematic review on the effects of fertility treatment on maternal serum screening markers and 

nuchal translucency thickness.  

 

This manuscript was published in Fertility and Sterility in 2016 (Lanes A. et al. Fertil Steril 2016; 

106:1463–1469).80 



 

17 
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Title: Maternal serum screening markers and nuchal translucency measurements among in vitro 
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3.3 Abstract 

Objective: To study the current literature on the association between in vitro fertilization 

treatment and maternal serum screening marker levels and nuchal translucency thickness.  

Design: This was a systematic review.  

Settings: There were no restrictions to where the included articles were published.  

Patients: Eligible studies included those with an exposed group of pregnant women that used 

IVF with or without ICSI to conceive; and a control group of pregnant women that conceived 

spontaneously.  

Intervention: In vitro fertilization treatment in order to conceive. 

Main Outcome Measures: Outcomes evaluated included Maternal Serum Screening markers 

(pregnancy-associated plasma protein A (PAPP-A), alpha-fetoprotein, human chorionic 

gonadotropin (hCG), unconjugated estriol, Dimeric Inhibin-A) and nuchal translucency thickness. 

Results: Database searches identified 4,118 titles and abstracts that were independently 

screened, which resulted in 76 articles that were assessed for eligibility. Additionally, one study 

was added for consideration based on expert knowledge. There were 29 cohort and 11 case-

control studies in the descriptive review. The most commonly reported markers were PAPP-A 

and free β-hCG, reported in 28 and 26 studies respectively. The studies that reported effect sizes 

for PAPP-A and free β-hCG and were not statistically significant. 

Conclusions: A decrease in PAPP-A and an increase in total hCG was consistently reported 

among the included studies. However, due to the variability in the levels of the other maternal 

serum screening markers reported and the inability to conduct a meta-analysis we were unable 

to generalize about the differences between prenatal screening results in the IVF population. 

 
Keywords: In vitro fertilization, maternal serum screening markers, systematic review 
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3.4 Introduction 

Prenatal screening is performed primarily to identify pregnancies at an increased risk for fetal 

anomalies, such as Down syndrome or trisomy 18, but can also detect risk of open neural tube 

defects. Aneuploidy screening was first performed in the 1960s1 and has evolved since then.  

Currently in Ontario, women are offered prenatal screening options that include examination of 

maternal blood sample(s) with the addition of an ultrasound to estimate the  risk of fetal 

aneuploidy prior to Cell-free fetal DNA or invasive testing (amniocentesis).1 There are a variety 

of prenatal screening tests that can be used to assess risk including: First Trimester Combined 

Screening (FTS), Integrated Prenatal Screening (IPS), Serum Integrated Prenatal Screening (SIPS), 

Triple Screening, and Quadruple Screening. 

Children with Down syndrome have three copies of chromosome 21 and experience intellectual 

disabilities, which vary among affected children, and typically have specific facial characteristics 

and hypotonia.1–3 Individuals with Down syndrome are also at increased risk of dementia, 

cardiac malformation, leukemia and immune system defects.3 Most pregnancies affected by 

trisomy 18 end in miscarriage or stillbirth (95%), while death by 1 year of age is the expected 

outcome among live born infants with this syndrome.2 Open neural tube defects occur when the 

neural tube fails to close during embryologic development.4 Anencephaly and variable degrees 

of spina bifida are two of the most common types of open neural tube defects.5 While 

anencephaly usually results in miscarriage or stillbirth, infants with spina bifida may have 

minimal living restrictions or more significant problems that allow them to survive with medical 

complications and long-term disabilities that vary in severity.5 

In vitro fertilization (IVF) is a form of assisted conception that includes extracorporeal 

fertilization and embryo culture.6 It involves controlled ovarian stimulation, transvaginal 

ultrasound-guided retrieval of oocytes, insemination or injection of the egg to assist fertilization 

(to combine genetic material from both gametes resulting in a zygote), laboratory culture in an 

incubator over 4 to 6 days and transfer of the growing embryo.6 Insemination and fertilization 

can occur with or without intracytoplasmic sperm injection (ICSI). ICSI is a method of 

insemination wherein a single spermatozoon is injected into the cytoplasm of the mature (MII) 

oocyte.6 This process is associated with an increased risk of sex chromosomal abnormalities 

among offspring of men with severe male factor infertility.7,8 
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At the time of the prenatal screen, information about the method of conception is requested in 

order to determine if a correction factor should be applied to assay results of the maternal 

serum screening markers. Studies on small cohorts have shown that there are differences in the 

marker measurements seen among IVF pregnancies compared to non-IVF pregnancies.9,10 An 

incorrect interpretation of these results may miss an affected pregnancy or cause unnecessary 

invasive testing (amniocentesis) to be performed. The objective of this study was to synthesize 

existing knowledge about the associations between IVF treatment and maternal serum 

screening marker levels and nuchal translucency thickness. 

 

3.5 Methods 

The protocol for this systematic review was registered with PROSPERO International prospective 

register of systematic reviews (registration number: CRD42015019545).11 The manuscript was 

developed and reported in accordance with the preferred reporting items for systematic review 

and meta-analysis (PRISMA) 2015 statement.12 

Search strategy 

A search strategy was developed using medical subject headings and keywords related to the 

population, exposure and screen results. Ovid MEDLINE, Embase and COCHRANE databases 

were searched from inception until April 2015. Appendix A outlines the full search strategy. This 

search strategy included both observational (i.e. cross-sectional, cohort, case-control) and 

experimental (i.e. randomized clinical trial) study designs. Eligible studies included those with 

the exposure (IVF with or without ICSI) and a control group of pregnant women that conceived 

spontaneously. Outcomes evaluated included maternal serum screening markers (pregnancy-

associated plasma protein A (PAPP-A), alpha-fetoprotein (AFP), human chorionic gonadotropin 

(hCG), free β-hCG, unconjugated estriol (µE3), Dimeric Inhibin-A (DIA)) and nuchal translucency 

(NT) thickness. There were no restrictions based on language of the study publication. Studies 

where the comparison group was not women that conceived spontaneously were excluded. 

Reference lists from the included studies were investigated for additional articles that met the 

inclusion criteria. All titles and abstracts were independently screened by two reviewers, an 

epidemiologist and a prenatal screening expert (A. Lanes and T.H.), and any discrepancies were 

resolved through discussion. A second full-text screen of the titles and abstracts that met the 
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study inclusion and exclusion criteria was performed. Studies were excluded if both reviewers 

determined that the articles were: irrelevant, inaccessible or adequate translations were not 

achievable. Data were then abstracted from the articles that were considered to meet all study 

inclusion and exclusion criteria after the second screen. 

Data abstraction and assessment of quality 

A data abstraction form was developed to systematically extract information from the included 

studies. This form was independently completed by both reviewers. Information captured 

included study design, type of publication, population size, study objective, definition of 

exposure, definition of outcome, outcomes included in each study, confounding variables 

adjusted for in the analysis, and unadjusted and adjusted measures of effect. Risk of bias was 

assessed by each reviewer using the Newcastle-Ottawa Scale.13 This is a commonly used tool 

that investigates potential bias for cohort and case-control studies in three categories: selection, 

comparability and outcome.13 A study can be given a minimum of zero stars and a maximum of 

nine stars. In order to estimate interrater reliability, congruence for a subset of six questions 

from the data abstraction form was evaluated. Questions were selected from different sections 

of the form including: data quality, definition of cohort and quantitative measures. Kappa 

statistics were calculated for four questions: three questions had perfect agreement (kappa 

statistic of 1.0) and one question had a kappa statistic of 0.58. We were unable to report kappa 

for two questions.   

Data synthesis and analysis 

Descriptive characteristics including type of study, year of publication, and study location were 

summarized. A priori the authors decided to abstract median multiples of the median (MoM) as 

the measure of effect for this systematic review. This was the appropriate descriptive statistic to 

account for the bimodal distribution of the maternal serum screening markers. Consequently, 

meta-analyses were not feasible since it is not possible to combine median MoMs across 

studies. We did not present forest plots without a pooled effect, because the median MoMs 

were reported using distinct measures of variance (i.e., standard deviation, 95% confidence 

interval, ranges). As a substitute we reported the magnitude of change for each maternal serum 

screening marker. When available, study data on the outcomes among frozen embryo transfer 

(FET) cycles and fertility treatment cycles that used donor oocytes were abstracted. 
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3.6 Results 

Database searches identified 4,118 non-duplicate titles and abstracts that were independently 

screened. There were 4,042 records excluded from the primary screen, which resulted in 77 

articles that were assessed for eligibility. Additionally, one study was added for consideration 

based on expert knowledge. Upon completion of the second screen 45 articles remained, of 

which 5 were excluded (Figure 3-1). One excluded article was determined to be irrelevant; two 

articles were inaccessible; and adequate translations were not attainable for two articles. In 

total 40 articles were included. 

 

 

Figure 3-1 Flow diagram illustrating the selection of studies into the systematic review 

The majority of studies included in this systematic review were published prior to 2010 (30 

studies) with the remainder having a publication date between 2010 and 2015 (10 studies). 

Twenty-eight studies were from the United Kingdom or Europe; four were from North America; 

four from China; three from Israel; and one from Australia. There were 29 cohort and 11 case-

control studies in the descriptive review. The Newcastle-Ottawa risk of bias assessment had a 

median score of 7 and a range between 4 and 9. For cohort studies the range of the scores was 2 
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to 4 with a median score of 4 for selection, 0 to 2 with a median score of 0 for comparability, 

and 2 to 3 with a median score of 3 for outcome. The scores varied slightly for case-control 

studies. The range for selection was 2 to 4 with a median score of 4, a range of 0 to 2 with a 

median score of 1 for comparability, and a range of 1 to 3 with a median score of 2 for outcome. 

Twenty-six of the included studies determined the presence of the exposure through record 

linkage or a secure record, whereas only five studies used self-report. 

The most commonly reported maternal serum screening marker was PAPP-A in 28 studies. 

However, only fourteen studies reported a median MoM (Table 3-1). Almost all of these studies 

reported a reduction in PAPP-A among IVF patients compared to those that conceived 

spontaneously (13 studies). All seven studies that reported a median MoM for patients who 

used ICSI found a reduced estimate compared to a spontaneous conception group. A similar 

trend was seen for AFP. This serum marker was evaluated in 14 studies and the majority of 

studies that reported a median MoM saw a decrease (7 studies) compared to spontaneous 

conceptions. The three studies that measured the effect of ICSI on AFP saw a decrease or no 

change.
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Table 3-1 Observed median MoM maternal marker serum levels and nuchal translucency thickness in IVF patients compared to patients who 
conceived spontaneously 

Author and year PAPP-A AFP free β-hCG total hCG µE3 DIA NT 

IVF ICSI IVF ICSI IVF ICSI IVF ICSI IVF ICSI IVF ICSI IVF ICSI 

Anckaert, 200814 0.75* 0.94*     0.90 1.07                 

Ball, 201315                             

Ball, 201216                             

Bar-Hava, 200117                             

Bellver, 200518 1.06        0.83 1.13                  

Bellver, 201319 ↓ ↓   ↑ ↑       -- -- 

Bender, 201020 0.86* 0.90*     1.10* 1.10*             1.03 1.02 

Bersinger, 200121                             

Bersinger, 200422                             

Bersinger, 200523                             

Bredaki, 201124                             

Cowans, 201325 1.01       1.03*                   

Engels, 20109                             

Engels, 201326                             

Frishman, 199727     0.95       1.22   0.90           

Ghisoni, 200328                             

Giorgetti, 201329 0.74* 0.81*     0.96 1.09             1.02 1.06 

Gjerris, 200930                             

Heinonen, 199631                             

Hui, 200332     0.90*  0.86*     1.07  0.92             

Hui, 200533                         1.07* 1.09* 

Hui, 200534 0.83* 0.70*     0.87* 0.82                 
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Kagan, 200835                             

Lam, 199936     0.88* 0.76*     1.15 0.88             

Lambert-
Messerlian, 200610 

0.94   1.05   1.13   1.10*   0.94*   1.12*   1.03   

Lambert-
Messerlian, 200937 

0.91*           1.04               

Liao, 200138 1.00* 0.86*     1.21* 1.09             0.97 1.00 

Matilainen, 201139 0.82*       1.00               1.03   

Maymon, 200240 0.96*   1.13*   1.16   1.12   0.94       1.16   

Maymon, 200441 0.78*   1.02       1.10   0.99   0.98   1.14*    

Muller, 200342     0.96 0.95 1.05 1.11 1.10 1.01 0.90 1.00         

Niemimaa, 200143                             

Orlandi, 200244 0.79* 0.96     0.84 1.13             1.10 1.02 

Raty, 200245     0.95 1.00 1.19 1.07                 

Ribbert, 199646                             

Rice, 200547     0.99       1.12   1.12           

Tul, 200648 0.94* 0.82*     1.04 0.91         1.11* 1.48* 1.00 0.99 

Wald, 199949     0.99   1.09*   1.14*   0.94*   0.89       

Wojdemann, 200150 1.02       1.14               0.97   

Amor, 200951                             

Notes: 
All values are median MoMs. 
↑ Denotes an increase compared to spontaneous conceptions when exact data were not available. 
↓ Denotes a decrease compared to spontaneous conceptions when exact data were not available. 
-- Equivalent to spontaneous conception 
* Statistically significant at α=0.05. 
If there was a separate group for ICSI in a study it was captured under the ICSI header. 
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This systematic review included studies that investigated free β-hCG in the first trimester or 

total hCG in the second trimester. Free β-hCG and total hCG were reported in 26 and 17 studies 

respectively. Amongst the studies that reported a median MoM for free β-hCG the results 

varied. Eight studies reported an increase among IVF users compared to spontaneous 

conception, while six studies reported a decrease. The results from the studies investigating 

total hCG were homogenous. All studies reported an increased estimate among IVF users. 

A small number of studies investigated µE3 and DIA (8 studies and 4 studies respectively). An 

appropriate estimate was reported in eleven of the twelve studies. The majority of studies on 

µE3 reported a decrease among those using IVF, whereas the direction of change was evenly 

distributed for DIA. NT measurements were discussed in 19 studies and approximately fifty 

percent of these studies reported an appropriate estimate for this systematic review. Almost all 

of these studies found an increased NT median MoM in patients that used IVF to conceive 

compared to those who conceived spontaneously. 

There were seven studies that reported median MoMs comparing maternal serum screening 
markers of patients who had a FET with individuals who conceived spontaneously (
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Table 3-2). The direction of the estimate were lower among studies that reported PAPP-A and 

consistently higher among studies that reported AFP and NT. Studies that investigated free β-

hCG reported estimates that varied in direction. 

Two studies investigated the impact of donor oocytes on maternal serum marker levels and NT 

measurements.10,19 Lambert-Messerlian et al.10 found that the median MoM was increased for 

PAPP-A, AFP, total hCG, and DIA compared to those who conceived spontaneously, whereas a 

decrease was reported for free β-hCG, µE3, and NT. The study by Bellver et al.19 investigated IVF 

and ICSI using donor oocytes separately. This study found and increase in both PAPP-A and free 

β-hCG for IVF conceptions with donor oocytes compared to spontaneous conception. When the 

authors investigated ICSI using donor oocytes compared to spontaneous conception they found 

a decrease in PAPP-A and a statistically significant increase in free β-hCG. 
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Table 3-2 Observed median MoM maternal serum marker serum levels and nuchal translucency thickness in women who had FET compared 
to women who conceived spontaneously 

Author and year FET 

PAPP-A AFP free β-
hCG 

total 
hCG 

µE3 DIA NT 

Anckaert, 200814 1.05  1.12     

Bellver, 201319 ↓       

Hui, 200332  1.10  1.24*    

Hui, 200533       1.09* 

Hui, 200534 0.95*  1.21*     

Matilainen, 201139 0.78  0.94    1.00 

Raty, 200245  1.15 1.33*     

Notes: 
All values are median MoMs. 
↓ Denotes a decrease compared to spontaneous conceptions when exact data were not available. 
* Statistically significant at α=0.05. 
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Table 3-3 Change of maternal serum screening markers present for Down syndrome, trisomy 
18 and neural tube defects 

 

Down syndrome 

Trisomy 18 
Neural Tube 

Defect 
Screening at 

<14 weeks 

Screening at 

>14 weeks 

AFP Decreased Decreased Decreased Increased 

βhCG Increased Increased Decreased 
 

μE3 
 

Decreased Decreased 
 

PAPP-A Decreased 
 

Decreased 
 

DIA 
 

Increased Decreased 
 

 

3.7 Discussion 

Main findings 

Prenatal screening is primarily used to estimate the risk of aneuploidies. Different types of 

prenatal tests have varying sensitivity and specificity (i.e., First Trimester Combined Screening, 

Serum Integrated Prenatal Screening, Integrated Prenatal Screening, Triple Screening, and 

Quadruple Screening).2 The current prevalence rate for infertility from countries around the 

world has been reported to range from 3.5% to 16.7%.52 This systematic review summarized the 

variation of serum levels reported in 40 studies and over 700,000 pregnancies. The majority of 

studies included reported altered maternal serum screening marker levels among women who 

used IVF to conceive compared to women who conceived spontaneously.10,14,18,20,25,27,29,32–34,36–

42,44,47–50,53 This suggests that we should ensure that the results are being correctly interpreted.      

Interpretation 

The maternal serum markers in this systematic review were consistent, since they are 

universally defined. All of the studies had a cohort or case-control study design. However, the 

analytical approach varied across studies. Therefore there was substantial design heterogeneity 

present. The included studies used a variety of methods to reporting effect estimates. Only 

extracting data reported as a median MoM allowed for the inclusion of appropriate outcome 

measures. Including studies that only reported mean MoMs in the quantitative analysis of this 
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review would have provided biased results. The results would have been skewed in the direction 

of the outliers for each maternal serum screening marker. 

Although we were not able to pool the results from these studies and interpret a magnitude of 

change, we were able to draw broad conclusions from the direction of change of the estimate of 

each maternal serum screening marker for IVF patients compared to women who conceived 

spontaneously (Table 3-1). The majority of studies found a decreased estimate of PAPP-A and an 

increased NT measurement in the IVF population; these markers were measured in the first 

trimester. In the second trimester, there was a decrease in AFP, an increase in total hCG and a 

decrease in the estimate of µE3 for IVF patients. This corresponds with an increased risk of 

Down syndrome (Table 3-3).2 Either this is a true association or there may be an increased false 

positive rate for Down syndrome among IVF conceptions. This identified concerns regarding the 

robustness of this method of screening for IVF pregnancies. The presence of vanishing twins 

among singleton IVF pregnancies may have influenced the levels of the maternal serum 

screening markers that were observed in each study.  

Non-invasive prenatal testing (NIPT) may be a more suitable first line method of testing for 

aneuploidy risks and should be investigated as an alternative screening method. NIPT uses 

circulating cell free maternal plasma DNA to investigate chromosomal abnormalities in the fetus 

and is usually a second-tier test for women who screen positive with conventional prenatal 

screening.54 Additionally, the increased use of preimplantation genetic screening to screen for 

chromosomal aneuploidies among women that used IVF may modify the proportion of these 

women that use maternal serum screening to detect aneuploidies once an ongoing clinical 

pregnancy was achieved. The rate of positive screening results may differ among a self-selected 

population. This would bias the results found when IVF patients are compared to women who 

conceived spontaneously. 

Strengths and Limitations 

This study was strengthened by a rigorous and inclusive search strategy. The large number of 

studies included from a variety of countries around the world provided an opportunity to 

generalize interpretations. Unfortunately, the variations in reporting outcomes proved to be a 

substantial limitation. In order for the results to be comparable, only similar statistical estimates 

were abstracted (median MoMs). Due to this restriction, quantitative results were included from 
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23 of 40 studies. However, due to the estimate that was abstracted and the various ways in 

which variance was reported we could not meta-analyze these data. The majority of cohort 

studies (26) included in this review used record linkage or a secure record to ascertain the 

exposure. All of the case-control studies had controls selected from same study base as the 

cases. Therefore, the potential for selection bias was small.  

 

3.8 Conclusions 

A decrease in PAPP-A and an increase in total hCG was consistently reported among the 

included studies. However, due to the variability in the levels of the other maternal serum 

screening markers reported and the inability to conduct a meta-analysis we were unable to 

generalize about the differences between prenatal screening results in the IVF population. Due 

to the heterogeneity of these results, the authors cannot conclusively state whether maternal 

serum screening to be the most appropriate method of prenatal screening for women who use 

IVF to conceive. Nevertheless, this systematic review appropriately summarized the direction of 

change of multiple maternal serum screening markers among IVF conceptions. 
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Chapter 4. [Manuscript 2] Comparing maternal serum screening markers 

among IVF and spontaneous conceptions in Ontario through registry 

data 

 

4.1 Preface to Manuscript 2 

The systematic review presented in Chapter 3 showed that there was consistently a decrease in 

PAPP-A and an increase in total hCG reported among IVF patients. We wanted to examine if the 

same patterns persisted among the IVF population in Ontario, Canada. This study used data 

from all pregnancies that had maternal serum screening marker screening performed in Ontario 

from March 19, 2013 to May 27, 2015, as well as all Ontario IVF conception data from the 

corresponding time period. The use of these comprehensive data allowed for a clear illustration 

of current results for the entire province.  

Currently, the use of IVF is self-reported by the patient at the time of the maternal serum 

screen. We wanted to ensure that patients were appropriately identifying IVF use to assist with 

conception and not mistaking it with medication used to induce ovulation (e.g., clomiphene 

citrate). This study leveraged the CARTR Plus dataset and determined the concordance and 

discordance in the identification of IVF use for assisted conception in the Ontario population.  

This study also proposed new adjustment factors for the use of IVF when maternal serum 

screening markers are used to determine the risk of Down syndrome and trisomy 18. Therefore, 

these proposed new adjustment factors may improve the accuracy of the algorithm used to 

obtain risk estimates for these aneuploidies by prenatal screening labs in Ontario; thereby 

presenting more appropriate results for clinicians and patients to use to determine whether or 

not to perform an invasive procedure. 

 

This Manuscript 2 is currently submitted to Journal of Medical Screening.  
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4.3 Abstract 

Objective: The objectives of this study were: 1) to investigate the accuracy of IVF identification 

on the prenatal screening record from prenatal screening labs; 2) to compare the screening 

markers in IVF and non-IVF pregnancies in the population of Ontario; and 3) to propose more 

appropriate IVF adjustment factors for the Ontario population. 

Methods: Two years of IVF treatment data from all fertility clinics in Ontario were merged with 

the corresponding prenatal screening data from all 5 prenatal screening centres. New 

adjustment factors for IVF were developed for each MSS marker and NT measurement. Means 

and standard deviations and linear regression models were reported for all prenatal screening 

records, as well as for those who had IVF identified through the prenatal screening requisition 

and those who were identified through the CARTR Plus database. 

Results: Significant differences between IVF and non-IVF groups based on the prenatal screening 

requisition information and CARTR Plus information were found among the ethnicity adjusted 

mean MoMs for AFP, PAPP-A, µE3, first trimester hCG, total hCG, and DIA. 

Conclusion:  This study proposed alternate IVF adjustment factors that will produce more 

accurate screening results within the population of Ontario. 

 

Keywords: in vitro fertilization; maternal serum screening; adjustment factors   
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4.4 Introduction 

Multiple marker prenatal screening uses maternal serum markers and sonographically-

determined fetal nuchal translucency (NT) to estimate a women’s risk of having a fetus affected 

with Down syndrome, Trisomy 18 and open Neural Tube Defects. These maternal serum 

screening (MSS) markers are measured by the multiple of the median (MoM). It is the median of 

the concentration of the marker screened compared to the population at a specific gestational 

age.  It is recognized that among some different clinical populations, the mean MoM does not 

remain close to 1.00 (personal communication: S. Dougan October 24, 2016). In order to obtain 

accurate risk assessments for a fetus, adjustment factors are applied to return the MoM to 1.00.  

In Ontario, MSS marker MoMs are modified with a combination of adjustment factors for 

ethnicity, diabetes, smoking and in vitro fertilization (IVF) use (personal communication: S. 

Dougan October 24, 2016).   

Previous studies have shown that the first and second trimester serum markers used for Down 

syndrome screening are significantly altered in pregnancies achieved through IVF pregnancies 

compared to spontaneously conceived pregnancies.1–6 In IVF pregnancies, first trimester 

pregnancy associated plasma protein A (PAPP-A) is lower and free β-human chorionic 

gonadotrophin (free β-hCG) may be higher.1,3 The second trimester Alpha fetoprotein (AFP), 

total hCG and dimeric inhibin A (DIA) are also elevated.2,3,7 In addition, the variations in the 

concentration of serum markers in IVF pregnancies may be associated with the specific type of 

assisted reproduction treatment used.3,4,6 Studies have also suggested variations in NT 

measurement in IVF pregnancies.4,8 The alterations in the serum markers in IVF pregnancies 

might reflect subtle metabolic changes or some underlying pathology unique to pregnancies in 

subfertile patients.7 They might also be caused by one or more elements of assisted 

reproduction treatments, such as ovarian stimulation or in vitro culture.3,6  

Information about the IVF treatment used is an important parameter in prenatal screening for 

Down syndrome. Given the known changes in the screening markers in IVF pregnancies 

described above, women with pregnancies conceived through IVF will be more likely to receive a 

false positive screening result.9 Without adequate adjustments made to their screen 

interpretation, these women may undergo unnecessary follow-up testing, including invasive 

diagnostic tests, such as chorionic villus sampling or amniocentesis. In addition, because the risk 

of Down syndrome is associated with the maternal age10 of the oocyte donor among IVF 
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pregnancies, missing or incorrect information on data surrounding fresh and frozen embryo 

transfers, will impact the accuracy of screening results.   

Further contributing to challenges in accurately predicting risk based on prenatal screening for 

IVF pregnancies is the increased use of frozen embryo transfers (FET).11 FET reduce the potential 

for treatment related complications, such as ovarian hyperstimulation syndrome; moreover, 

clinical pregnancy rates from FET have improved and are comparable to fresh embryo transfer.12 

Therefore, FET have become more common, but it is not standard practice in all centres.13 

In prenatal screening labs in Ontario, the standard requisition contains a field for the ordering 

health care providers to identify an IVF pregnancy. Published adjustment factors for first 

trimester PAPP-A, second trimester unconjugated estriol (µE3) and total hCG are applied to the 

MoM values of these serum makers for all pregnancies in which IVF treatment has been 

documented.  

However, the completeness and accuracy of this information is unclear. Thus it is not certain 

whether the IVF adjustment factors are accurate for the Ontario population, if they are based on 

what is recorded on the prenatal screening requisitions. We carried out this study in order to: 1) 

investigate the accuracy of IVF identification on the prenatal screening record (sourced from the 

prenatal screening requisition from prenatal screening labs (PSL)); 2) compare the screening 

markers in IVF and non-IVF pregnancies in the population of Ontario; and 3) propose updated 

IVF adjustment factors for the Ontario population, based on more accurate coding for IVF status. 

 

4.5 Methods 

Data sources and study population: 

The Better Outcomes Registry & Network (BORN) Ontario routinely collects comprehensive 

information in the BORN Information System (BIS) on prenatal screening from all 5 prenatal 

screening labs in the province, as well as information on the use of IVF from all 18 fertility clinics 

in Ontario through the Canadian Assisted Reproductive Technologies Register (CARTR) Plus 

database. Prenatal screening data and fertility data were merged creating a linked dataset. This 

study was based on a conception cohort of spontaneous pregnancies and pregnancies achieved 

through IVF and FET treatment cycles from January 1, 2013 through December 31, 2014. These 
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records were deterministically linked with their corresponding prenatal screening records 

(March 19, 2013 to May 27, 2015). This study included all prenatal screening records during this 

timeframe; both spontaneous conceptions and IVF conceptions documented on the prenatal 

screening record from PSL. Seventy percent of all pregnancies in Ontario have prenatal 

screening performed.14 These analyses used all records for Ontario, Canada. There were 218,924 

records from the prenatal screening labs included in this analysis and 21,140 records of IVF and 

FET conceptions from CARTR Plus (Figure 4-1). 

 

Figure 4-1 Study flow diagram 
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Figure 4-2 Flow diagram of MSS marker adjustments 

Analysis: 

Figure 4-2 illustrates the application of adjustments to MSS markers in Ontario. Currently, only 

first trimester PAPP-A, second trimester total hCG and µE3 have an IVF adjustment factor 

applied. This is a multiplicative adjustment that is applied to each MSS marker. These 

adjustment factors are common among four prenatal screening labs and unique among one 

additional lab. For this study, we first removed the IVF adjustment factors for PAPP-A, total hCG, 

and µE3 MoMs from the adjusted MoMs for all IVF records identified by the prenatal screening 

requisition (Equation 4-1). A new ‘proposed’ adjustment factor for IVF was then developed for 

each MSS marker and NT measurement that allowed the mean MoM to be as close to 1.00 as 

possible (Table 4-1). These proposed adjustment factors were then applied to the MSS marker 

MoMs for women who used IVF to conceive as identified by CARTR Plus.  
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Equation 4-1 Calculation of adjustment MSS marker MoMs 

adjusted MoM = MoMEth x ADJDBM x ADJsmk x ADJIVF 

ADJ=adjustment factor 
DBM = Diabetes mellitus  
Smk = smoker 
IVF = in vitro fertilization used to conceive 

 

Table 4-1 Proposed IVF adjustment factors for IVF identified pregnancies 

MSS Marker Proposed 
adjustment factor 

PAPP-A 0.74 

1st trimester β-hCG 0.69 

FB-hCG 0.77 

AFP 0.82 

µE3 0.84 

Total hCG 0.97 

DIA 0.79 

NT measurement 0.95 

 

For each MSS marker and NT measurement, log10 transformations were performed in order to 

account for the skewed distributions. Means and standard deviations were determined for all 

prenatal screening records (model 1), as well as for those who had IVF identified through the 

prenatal screening requisition (model 2) and those who were identified through the CARTR Plus 

database (model 3). Linear regression models were produced for both of these scenarios with a 

variety of adjustments:  

1. we modeled MSS marker MoMs that had an ethnicity adjustment with IVF status 

identified on the prenatal screening requisition by the PSL for all women who had a 

prenatal screening record; 
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2. we modeled MSS marker MoMs that had adjustments for ethnicity, diabetes and 

smoking with IVF status identified on the prenatal screening requisition by the PSL for all 

women who had a prenatal screening record; 

3. we modeled MSS marker MoMs that had an ethnicity adjustment with IVF status 

identified in CARTR Plus for all women who had a prenatal screening record; and 

4. we modeled MSS marker MoMs that had adjustments for ethnicity, diabetes and 

smoking with IVF status identified in CARTR Plus for all women who had a prenatal 

screening record.  

Additional analyses were performed to compare the proposed IVF adjustment factors to the IVF 

adjustment factors used by the prenatal screening labs, and to a group with no IVF adjustment, 

for those women identified through CARTR Plus. Descriptive statistics were reported for these 

models and the Wilcoxon Sign Test was used to assess significance. Conceptions using IVF and 

FET were examined separately. Additional descriptive analyses examined the effect of 

intracytoplasmic sperm injection (ICSI) on MSS marker MoMs among IVF pregnancies identified 

in CARTR Plus. 

Ethics approval for this study were obtained from the Children’s Hospital of Eastern Ontario 

Research Ethics Board (CHEOREB#15/06PE), the Ottawa Health Science Network Research Ethics 

Board (20150644-01H) and the Mount Sinai Research Ethics Board (MSH REB 15-0282-C). 

 

4.6 Results 

We investigated the differences in documented mean maternal age at estimated date of 

delivery for the IVF and non-IVF groups as identified by both the prenatal screening requisition 

and CARTR Plus. We found that the mean maternal age was significantly different (p<0.01) 

between IVF and non-IVF pregnancies among both the PSL and CARTR Plus records. The mean 

maternal age was 35.6 years (SD±5.15) for the IVF group and 31.8 years (SD±5.03) for the non-

IVF group, as identified on the prenatal screening requisition, and 35.7 years (SD±4.71) for the 

IVF group and 31.6 years (SD±5.07) for the non-IVF group as identified by the CARTR Plus record. 

There were 366 records identified in CARTR Plus where women used donor oocytes or embryos 

to conceive. The mean oocyte provider age was significantly different among women who 
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exclusively used their own oocytes or embryos (µ=34.1 years SD±3.98) as compared to women 

who used donor oocytes or embryos (µ=28.9 years SD±6.52). 

Objective #1: 

We first assessed the concordance and discordance of information about IVF conceptions as 

collected on the prenatal screening requisitions and uploaded to the BIS, compared to 

information collected in the CARTR Plus database, in order to determine if improvements were 

needed. When identification of the use of IVF as documented on the prenatal screening record 

was compared to the referenced standard (CARTR Plus database), the sensitivity was 95.8% and 

the specificity was 98.9%, the negative predictive value was 99.9%; however the positive 

predictive value was 68.8%.  

Objective #2: 

Significant differences between the identified IVF and non-IVF groups based on the prenatal 

screening requisition information (model 2) and CARTR Plus information (model 3) were found 

among the ethnicity adjusted mean MoMs for AFP, PAPP-A, µE3, first trimester hCG, total hCG, 

and DIA (Table 4-2Error! Not a valid bookmark self-reference.). Similarly, significant differences 

were seen among the ethnicity, smoking and diabetes adjusted mean MoMs for AFP, PAPP-A, 

µE3, total hCG and DIA for model 2 and AFP and DIA for model 3. NT measurement was 

significantly different in model 3. The largest mean differences between IVF and spontaneous 

conceptions  were seen among AFP, PAPP-A, total hCG and DIA. NT measurement MoM was not 

influenced by the use of IVF to assist with conception; whether an IVF pregnancy was identified 

through the PSL record or CARTR Plus.  

Objective #3: 

When we developed the proposed adjustment factor to all CARTR Plus identified pregnancies 

we found that for PAPP-A, total hCG, and µE3 the mean adjusted marker MoMs were 

significantly closer to 1.00, as compared to the prenatal screening adjusted or the unadjusted 

mean marker MoMs (Figure 4-3). Although there currently is no adjustment made to the other 

MSS markers and NT measurement, when we applied the proposed adjustment factors the 

mean MoMs were all closer to 1.00 as compared to the unadjusted mean MoMs (Figure 4-3).  
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Among the IVF cycles identified through CARTR Plus, the majority of embryos transferred 

resulting in conception cycles were at the blastocyst stage (63.9%) or at the cleavage stage 

(31.5%). The proportion of cycles that had one or two embryos transferred per embryo transfer 

cycle was similar (47.7% and 46.5% respectively) and 5.8% of embryo transfer cycles had three 

or more embryos transferred. Among FET cycles, 78.2 percent used vitrification to cryopreserve 

the embryos as opposed to the older slow freezing technique (21.8%). The method of 

insemination (conventional IVF or ICSI) was investigated for prenatal screening records that 

were in CARTR Plus. Only IVF cycles and FET cycles using own oocytes were included. Significant 

differences were found for the mean AFP, PAPP-A, total hCG, µE3, DIA, and NT measurement 

mean MoMs with the proposed adjustment factor applied when we stratified by insemination 

method. 

Table 4-2 Results of adjusted linear regression models for MSS markers and NT measurement 

  95%CI 

  Mean ±SD Estimate Lower Upper 

PAPP-A 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=191,763 -0.009 0.252       

Model 2 (PSO IVF status) 
n= 119,420   

No IVF -0.011 0.248 0.0000 0.0000 0.0000 

IVF -0.040 0.269 0.0039 -0.0372 -0.0218 

Model 3 (CARTR Plus IVF status) 
n=191,763   

No IVF -0.008 0.251 0.0000 0.0000 0.0000 

IVF -0.041 0.269 0.0045 -0.0416 -0.0238 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=153,227 0.040 0.253       

Model 2 (PSO IVF status) 
n=80,924   

No IVF 0.037 0.250 0.0000 0.0000 0.0000 

IVF 0.050 0.269 0.0048 0.0034 0.0222 

Model 3 (CARTR Plus IVF status) 
n=153,227   

No IVF 0.040 0.252 0.0000 0.0000 0.0000 
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IVF 0.050 0.267 0.0054 -0.0010 0.0203 

  

1st trimester hCG 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=7,736 -0.002 0.203       

Model 2 (PSO IVF status) 
n=4,993   

No IVF -0.009 0.202 0.0000 0.0000 0.0000 

IVF 0.042 0.203 0.0504 0.0251 0.0757 

Model 3 (CARTR Plus IVF status) 
n=7,736   

No IVF -0.003 0.202 0.0000 0.0000 0.0000 

IVF 0.057 0.201 0.0604 0.0249 0.0959 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=2,764 0.024 0.198       

Model 2 (PSO IVF status) 
n=24   

No IVF 0.021 - 0.0000 0.0000 0.0000 

IVF 0.137 0.232 0.1159 -0.3280 0.5598 

Model 3 (CARTR Plus IVF status) 
n=2,764   

No IVF 0.023 0.198 0.0000 0.0000 0.0000 

IVF 0.106 0.227 0.0832 -0.0209 0.1873 

  

free-β hCG 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=21,987 0.009 0.273       

Model 2 (PSO IVF status) 
n=17,903   

No IVF 0.009 0.272 0.0000 0.0000 0.0000 

IVF 0.006 0.266 -0.0033 -0.0249 0.0183 

Model 3 (CARTR Plus IVF status) 
n=21,987   

No IVF 0.009 0.273 0.0000 0.0000 0.0000 

IVF 0.007 0.276 -0.0024 -0.0264 0.0216 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   
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Model 1 (no IVF) 
n=12,205 0.014 0.277       

Model 2 (PSO IVF status) 
n=8137   

No IVF 0.015 0.276 0.0000 0.0000 0.0000 

IVF 0.016 0.261 0.0014 -0.0435 0.0463 

Model 3 (CARTR Plus IVF status) 
n=12,205   

No IVF 0.014 0.277 0.0000 0.0000 0.0000 

IVF 0.023 0.274 0.0092 -0.0453 0.0637 

  

AFP 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=183,166 0.007 0.148       

Model 2 (PSO IVF status) 
n= 109,181   

No IVF 0.005 0.146 0.0000 0.0000 0.0000 

IVF 0.053 0.169 0.0477 0.0428 0.0526 

Model 3 (CARTR Plus IVF status) 
n=183,166   

No IVF 0.006 0.147 0.0000 0.0000 0.0000 

IVF 0.048 0.173 0.0416 0.0360 0.0472 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=159,295 0.006 0.148       

Model 2 (PSO IVF status) 
n= 84,147   

No IVF 0.005 0.147 0.0000 0.0000 0.0000 

IVF 0.050 0.168 0.0454 0.0399 0.0509 

Model 3 (CARTR Plus IVF status) 
n=159,295   

No IVF 0.005 0.148 0.0000 0.0000 0.0000 

IVF 0.046 0.173 0.0031 0.0345 0.0467 

  

uE3 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=175,873 -0.002 0.118       

Model 2 (PSO IVF status) 
n= 103,372   
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No IVF -0.002 0.119 0.0000 0.0000 0.0000 

IVF 0.009 0.123 0.0111 0.007 0.0151 

Model 3 (CARTR Plus IVF status) 
n=175,873   

No IVF -0.002 0.118 0.0000 0.0000 0.0000 

IVF 0.004 0.124 0.0058 0.0012 0.0103 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=152,002 0.027 0.118       

Model 2 (PSO IVF status) 
n= 79,522   

No IVF 0.026 0.120 0.0000 0.0000 0.0000 

IVF 0.069 0.123 0.0428 0.0382 0.0473 

Model 3 (CARTR Plus IVF status) 
n=152,002   

No IVF 0.026 0.118 0.0000 0.0000 0.0000 

IVF 0.062 0.123 0.0097 -0.001 0.0203 

  

Total hCG 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=175,874 -0.004 0.228       

Model 2 (PSO IVF status) 
n= 103,371           

No IVF -0.004 0.226 0.0000 0.0000 0.0000 

IVF 0.046 0.240 0.0503 0.0426 0.058 

Model 3 (CARTR Plus IVF status) 
n=175,874           

No IVF -0.005 0.227 0.0000 0.0000 0.0000 

IVF 0.041 0.243 0.046 0.0372 0.0547 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=152,004 -0.056 0.227       

Model 2 (PSO IVF status) 
n= 79,522           

No IVF -0.055 0.226 0.0000 0.0000 0.0000 

IVF -0.046 0.239 0.0088 0.0003 0.0174 

Model 3 (CARTR Plus IVF status) 
n=152,004           



 

53 

 

No IVF -0.056 0.227 0.0000 0.0000 0.0000 

IVF -0.050 0.241 0.0065 -0.0031 0.0161 

  

DIA 

Ethnicity adjusted MoM (log10)   

Model 1 (no IVF) 
n=19,952 0.014 0.194       

Model 2 (PSO IVF status) 
n=10,845           

No IVF 0.011 0.195 0.0000 0.0000 0.0000 

IVF 0.075 0.214 0.0633 0.0383 0.0883 

Model 3 (CARTR Plus IVF status) 
n=19,952           

No IVF 0.013 0.194 0.0000 0.0000 0.0000 

IVF 0.056 0.207 0.0427 0.0139 0.0716 

  

Ethnicity, smoking, diabetes 
adjusted MoM (log10)   

Model 1 (no IVF) 
n=19,254 -0.009 0.189       

Model 2 (PSO IVF status) 
n=10,148           

No IVF -0.011 0.189 0.0000 0.0000 0.0000 

IVF 0.069 0.216 0.0804 0.0539 0.1069 

Model 3 (CARTR Plus IVF status) 
n=19,254           

No IVF -0.010 0.189 0.0000 0.0000 0.0000 

IVF 0.052 0.208 0.0614 0.031 0.0918 

            

NT Measurement 

Unadjusted MoM (log10)   

Model 1 (no IVF) 
n=190,093 0.005 0.105       

Model 2 (PSO IVF status) 
n=134,342   

No IVF 0.008 0.105 0.0000 0.0000 0.0000 

IVF 0.009 0.106 0.0008 -0.0024 0.0039 

Model 3 (CARTR Plus IVF status) 
n=190,093   

No IVF 0.005 0.105 0.0000 0.0000 0.0000 

IVF 0.009 0.106 0.0036 0.0000 0.0072 
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4.7 Discussion 

This study clearly demonstrated that in the Ontario population the algorithm used for IVF 

adjustment of maternal serum screening results would benefit from the proposed IVF 

adjustment factors. Large differences in mean MoMs for the PSL and CARTR Plus models were 

seen for PAPP-A, total hCG and µE3, which was appropriate given that these three MSS markers 

were the ones that currently have adjustment factors for IVF applied (Table 4-2). However, large 

differences between the IVF group and non-IVF groups were also observed for AFP and DIA, 

suggesting that these two markers would also benefit from an IVF adjustment factor. 

When we compared the prenatal screening results from all pregnant women who had MSS and 

were identified through CARTR Plus as having used IVF, we found that the proposed adjustment 

factor for IVF improved the mean MSS marker MoMs to a greater extent than the current PSL 

IVF adjustment factors (Figure 4-3: A,B,C). Slight differences were also observed between IVF 

and FET cycles for each marker. It was important that these mean MSS marker MoMs were 

extremely close to 1.00 in order for it to be representative of the Ontario population. 

Interestingly, the current PSL IVF adjustment factor for total hCG adjusted the mean MoM in the 

wrong direction; drawing it further away from 1.00. Wald et al.,15 have postulated the increased 

total hCG MoM among IVF conceptions are due to increased level of progesterone after IVF 

treatment. As we were examining total hCG in isolation, decreasing the mean MoM in order for 

it to be closer to 1.00 would reduce the false-positive rates for Down syndrome. 

Previously, the identification of IVF on the prenatal screening requisition through self-report was 

the most reliable source for the algorithm used to detect Down syndrome and Trisomy 18. Since 

there is a short time lag between receipt of fertility treatment and entering fertility treatment 

data into CARTR Plus, the prenatal screening labs in Ontario are not able to use this information 

to inform whether an IVF adjustment should be applied; however having a more appropriate IVF 

adjustment factor based on the entire IVF population for Ontario would strengthen the accuracy 

of the algorithm’s results using the information on the prenatal screening requisition. 

Additionally, there was a significant difference found between the use of conventional IVF and 

ICSI for the ethnicity, smoking and diabetes adjusted mean MoMs for AFP, PAPP-A, µE3, first 

total hCG, and DIA. Differences in PAPP-A MoM among ICSI pregnancies have previously been 

documented and are believed to be due to the use of hormones in ovarian stimulation and 
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imprinting events which lead to the interruption of the maturation of the placenta7,16–20. It may 

be prudent to account for the method of insemination in determining an appropriate IVF 

adjustment factor or provide an additional adjustment for method of insemination. 

 

Figure 4-3 Comparing the MSS marker MoM for markers with and without a current PSL IVF 
adjustment factor 
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This study benefited from the use of comprehensive databases that included all records in 

Ontario for both prenatal screening and fertility treatment. This allowed the results to 

confidently be generalized for this population. The main limitation of this study was that we 

investigated each MSS marker in isolation and the algorithm that produces the calculated risk of 

Down syndrome and Trisomy 18 integrates the MSS marker MoMs from multiple markers. 

Further studies to assess the difference in false-positive and false-negative rates among the 

various IVF adjustment factors should be performed.  

 

4.8 Conclusions 

This study showed the high sensitivity and specificity of the PSL record for identifying IVF 

treatment use among women who have MSS performed, however of all PSL records identified as 

IVF only two thirds were confirmed IVF pregnancies by CARTR Plus. This study proposed 

alternate IVF adjustment factors that can be used to modify the current algorithm for detecting 

risk of aneuploidies among IVF pregnancies in Ontario. These adjustment factors will produce 

more accurate screening results within this population and will decrease the false positive and 

false negative rates. 
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Chapter 5. [Manuscript 3] The effect of the type of infertility on 

placental-mediated adverse outcomes for patients that used IVF 

 

5.1 Preface to Manuscript 3 

In Chapter 4, we showed the value of using comprehensive population-level data to determine 

results that can be generalized. In Chapter 5, we used pregnancy and birth information from the 

BORN Information System (maternal-child health registry for Ontario) to capture all births in 

Ontario, Canada, as well as again using the CARTR Plus dataset to identify births conceived 

through in vitro fertilization, frozen embryo transfer or frozen oocyte IVF from May 21, 2013 

through October 28, 2014.  

Preeclampsia, placental abruption, intrauterine growth restriction, and stillbirth are placental-

mediated adverse outcomes that are commonly investigated together. Differences in these 

placental-mediated adverse outcomes have previously been observed and reported among 

patients who used fertility treatment to conceive.64,81,82 Manuscript 3 was designed to 

investigate whether these differences were found in the population of Ontario, Canada. The use 

of these previously described population-level data strengthened the study design, given that 

these exposures and outcomes are rare. Preterm birth (<37 weeks’ gestation; and <32 weeks’ 

gestation) was the secondary outcome investigated in this study. This adverse pregnancy 

outcome is often associated with extended stays in the neonatal intensive care unit and a 

greater number of medical interventions.72,76  

Additionally, this study focused on investigating the associations between the underlying cause 

of infertility (male factor, female factor, and unexplained infertility) and the previously 

mentioned placental-mediated adverse outcomes. Studies with the ability to examine the cause 

of infertility and adverse pregnancy and birth outcomes are less common. The results from 

Manuscript 3 add to the current literature on the use of fertility treatment and placental-

mediated adverse outcomes. 

Manuscript 3 is currently submitted to Fertility and Sterility for publication.
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5.3 Abstract 

Objective: To investigate any association between type of infertility and placental-mediated 

adverse outcomes among women that used IVF to conceive compared to women who conceived 

spontaneously 

Design: This was a population-level retrospective cohort study.  

Settings: Births in Ontario, Canada, from May 31, 2013 through October 28, 2014. 

Patients: An exposed group of pregnant women that used IVF with or without ICSI to conceive 

and a control group of pregnant women that conceived spontaneously.  

Intervention: In vitro fertilization treatment and type of infertility. 

Main Outcome Measures: Outcomes evaluated included a composite outcome for placental-

mediated adverse outcomes, which included preeclampsia, small for gestational age, placental 

abruption and stillbirth. Preterm birth was also examined. 

Results: There were 200,473 births from Ontario, Canada included in this retrospective cohort 

study. Only female factor infertility relative to spontaneous conception, was associated with a 

higher risk of placental abruption in the unadjusted model (RR: 2.39 95% CI: 1.19-4.76). IVF was 

associated with a higher risk of preterm birth (<37 weeks) and very preterm birth (<32 weeks), 

relative to spontaneous conception, adjusted RRs, 1.64 (95% CI: 1.40-1.93) and 1.75 (95% CI: 

1.19-2.57), respectively. 

Conclusions: No statistically significant differences were observed among the adjusted models 

for the primary outcomes. However, type of conception in association with preterm birth at less 

than 37 weeks’ gestation was statistically significant. 

 

Keywords: In vitro fertilization, placental-mediated adverse outcomes, preeclampsia, stillbirth, 

IUGR, placental abruption 
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5.4 Introduction 

Infertility rates have been increasing globally,1 as well as the number of patients seeking 

treatment.2 All of the assisted reproductive technologies (ART) (e.g., in vitro fertilization (IVF), 

intrauterine insemination, donor gametes and frozen embryos) have progressed rapidly and 

have resulted in remarkable advances in a relatively short timeframe. These developments have 

had both positive and negative effects on the infants born, as well as their parents. Babies that 

were conceived with ART may have increased ante and postpartum complications and as a 

result may more often require greater medical attention.3,4 

The World Health Organization defines infertility as an: 1) inability to become pregnant; 2) 

inability to maintain a pregnancy; or 3) inability to carry a pregnancy to a live birth.5 Type of 

infertility can be classified into four categories: 1) male factor infertility; 2) female factor 

infertility; 3) combined infertility; and 4) unexplained infertility. Male factor infertility can be due 

to a decreased sperm count, poor sperm motility or abnormal sperm morphology. Female factor 

infertility is further classified into: 1) ovulation disorders (e.g., Polycystic Ovary Syndrome, 

hypothalamic dysfunction or premature ovarian insufficiency); 2) tubal infertility (e.g., blocked 

or damaged fallopian tubes, pelvic adhesive disease or endometriosis); and/or 3) uterine or 

cervical causes (e.g., benign uterine fibroids, congenital uterine malformations or hostile cervical 

mucus). Combined infertility results when both the female and male partners have 

demonstrable causes of infertility. An ‘unexplained infertility’ classification exists when the 

etiology of the infertility cannot be determined.  

Adverse perinatal outcomes including hypertensive pregnancy disorders, preterm birth and a 

low birth weight have been associated with multiple births resulting from fertility treatment.6,7 

To reduce complications associated with multiple birth, care providers have decreased the 

number of embryos transferred in a single treatment cycle.7 However, studies among singleton 

pregnancies have shown ART to be associated with a higher placental weight and abnormal 

umbilical cord insertions.8,9 Associations with low birth weight and higher rates of pregnancy 

loss persist among singleton pregnancies that used ART to conceive.10–12 Researchers have 

questioned whether it is the fertility treatment or the underlying conditions causing infertility 

that lead to the increased associations with adverse outcomes.13,14  
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Given the increasing number of women using fertility treatments to conceive, it is imperative 

that studies investigating the association with adverse outcomes are conducted. Previously in 

Canada, population-wide studies involving fertility treatments were not possible. The objective 

of this study was to investigate any association between type of infertility and placental-

mediated adverse outcomes among women that used IVF to conceive compared to women who 

conceived spontaneously.  

 

5.5 Methods 

Data sources  

This population-based cohort study used data from BORN (Better Outcomes Registry & 

Network) Ontario and CARTR (Canadian Assisted Reproductive Technologies Register) Plus. 

CARTR Plus is a dataset contained within the BORN Registry. BORN Ontario’s database is an 

Internet-based maternal child information system that captures all births within the province of 

Ontario with a gestational age of greater or equal to 20 weeks.15 These data were supplemented 

with data from Canadian Institute for Health Information (CIHI) to enhance specific data 

elements from the BORN Information System (BIS) for one large Ontario hospital, as their data 

were not complete within BORN. CARTR Plus contains detailed information on all fertility 

treatment cycles that occur in Canada. This cohort contained all IVF, FET and frozen oocyte IVF 

embryo transfer (ET) cycles in Ontario from January 1, 2013 to December 31, 2013 (Figure 5-2). 

The birth cohort contained all corresponding births (live births and stillbirths) from the fertility 

treatment cycles, as well as all births that occurred via spontaneous conception in the same time 

period in Ontario (May 21, 2103 to October 28, 2014). In order to avoid a fixed cohort bias, the 

birth cohort included all births up to 43 weeks after the last potential ART conception (Figure 

5-2).16 

Analysis 

The composite outcome for placental-mediated adverse outcomes included preeclampsia (high 

blood pressure and proteinuria after 20 weeks’ gestation17), small for gestational age (weight is 

less than the 10th percentile for the infants’ gestational age based on sex and gestational age at 

birth) as a surrogate for Intrauterine growth restriction (IUGR), placental abruption (the lining of 
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the placenta has separated from the uterus), and stillbirth (fetal death at greater than 20 weeks’ 

gestation). Preeclampsia, IUGR/small for gestational age, placental abruption and stillbirth were 

also assessed individually. In Canada, a gestational age of less than 37 weeks is used to define a 

preterm birth and a gestational age of less than 32 weeks defines a very preterm birth.18 These 

definitions were used to define the secondary outcome of preterm birth. Multiple gestation 

pregnancies, pregnancies from donor oocytes, treatment cycles for combined type of infertility 

and deliveries that occurred outside of Ontario were excluded from the analysis.  

Frequencies, proportions and chi squared statistics were produced for descriptive characteristics 

of this cohort. Frequencies and proportions were also reported for type of infertility and all 

primary and secondary outcomes, as well as the composite outcome. Unadjusted logistic 

regression models were carried out using generalized estimating equations for the composite 

outcome, as well as each individual primary outcome and the secondary outcomes with the 

spontaneous conception group as the reference group. Logistic regression models adjusted for 

maternal age, neighbourhood income level and smoking were generated for all outcomes. Sub-

group analyses (unadjusted and adjusted logistic regression models) for the fertility treatment 

groups were also performed with female factor infertility as the reference group. All analyses 

were completed using Statistical Analysis System (SAS) software version 9.4.19 Research Ethics 

Board approvals for this study were obtained from the Children’s Hospital of Eastern Ontario 

(CHEOREB# 16/03PE) and the Ottawa Health Science Network (20160797-01H). 

 

5.6 Results 

There were 200,473 births from Ontario, Canada included in this retrospective cohort study 

(Figure 5-1). The majority of these births occurred via spontaneous conception (99.3%). Of the 

1,359 live births and stillbirths conceived through IVF, FET or frozen oocyte IVF, the identified 

reasons for using fertility treatment varied: 49.5% were due to female factor infertility, 29.9% 

were due to male factor infertility and 20.5% were due to unexplained infertility. We found that 

among cases of female factor infertility (n= 673), 51.0% were ovulation disorders, 42.5% were 

tubal infertility, 7.6% were due to uterine or cervical causes and 12.6% could be attributed to 

other causes of female factor infertility (Table 5-1). 
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There were significant differences observed for maternal age, neighbourhood income level, 

parity, smoking at time of admission, hospital level of care, type of birth, type of caesarean 

section and maternal health conditions among the infertility groups and the spontaneous 

conception group (Table 5-2). When we investigated the descriptive characteristics among births 

that used IVF, FET or frozen oocyte IVF to conceive significant differences were found for 

maternal age, hospital level of care and pre-existing maternal health conditions (Table 5-2). 

There were no significant differences among the infertility groups with respect to characteristics 

of fertility treatment except for method of insemination, whereby births conceived among those 

who received ART due to male factor infertility were more likely to have used ICSI and less likely 

to have used conventional IVF relative to those where ART was initiated due to female factor 

infertility (p=0.01, Table 5-3). 

The frequencies and proportions of the exposure and the primary and secondary outcomes are 

illustrated in Table 5-4. The placental-mediated adverse (composite) outcome was experienced 

amongst 10.74% of spontaneous conceptions; 9.58% of conceptions that occurred in patients 

with male factor infertility; 12.48% of conceptions that occurred in patients with female factor 

infertility; and 12.19% of patients that had unexplained infertility. Large differences were seen in 

preterm birth at less than 37 weeks’ gestation among the different types of infertility. The 

lowest rate of preterm birth was found amongst spontaneous conceptions (6.39%) and the 

highest rate was among patients that had female factor infertility (12.33%). 

Based on the logistic regression results, type of conception and type of infertility within the IVF 

group was not statistically significantly associated with the composite outcome, nor with each 

individual primary outcome, with the exception of female factor infertility relative to 

spontaneous conception, which was associated with a higher risk of placental abruption in the 

unadjusted model (RR: 2.39 95% CI: 1.19-4.76) (Table 5-5). This association was no longer 

statistically significant after adjusting for covariates (Table 5-5). Similarly, within the IVF cohort 

only, type of infertility (with female factor as the reference category) was not associated with 

the composite outcome or the individual primary outcomes, in either the unadjusted or 

adjusted models (Table 5-6).  

Similar unadjusted and adjusted logistic regression models were performed for the secondary 

outcomes (preterm birth at less than 37 weeks’ gestation and 32 weeks’ gestation). Both the 
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unadjusted and adjusted models investigating type of conception in association with preterm 

birth at less than 37 weeks’ gestation were statistically significant (Table 5-7).  IVF was 

associated with a higher risk of preterm birth (<37 weeks) and very preterm birth (<32 weeks), 

relative to spontaneous conception, adjusted RRs, 1.64 (95% CI: 1.40-1.93) and 1.75 (95% CI: 

1.19-2.57), respectively. When type of infertility was investigated we found IVF for female factor 

infertility was most strongly associated with a higher risk preterm birth: adjusted RRs, 1.77 (95% 

CI: 1.42-2.20) and 2.41 (95% CI: 1.52-3.81) for <37 weeks and <32 weeks, respectively, compared 

to spontaneous conceptions. No statistically significant differences were observed for type of 

infertility with female factor infertility as the reference group (male factor infertility adjusted 

RRs, 0.79 (95% CI: 0.54-1.17) and 0.37 (95% CI: 0.13-1.10) for <37 weeks and <32 weeks, 

respectively; and unexplained infertility adjusted RRs, 0.94 (95% CI: 0.62-1.43) and 0.56 (95% CI: 

0.19-1.64) for <37 weeks and <32 weeks, respectively).  

 

5.7 Discussion 

Type of infertility is classified as female factor, male factor, combined or unexplained where 

each category represents the medical reasons for requiring fertility treatment20. The etiology of 

infertility varies considerably for each treatment group and many factors that are associated 

with type of infertility may be associated with adverse pregnancy outcomes. We had 

hypothesized that there would be an association between female factor infertility and the 

composite outcome due to the inference that underlying etiology of female factor infertility 

would lead to complications with the placenta; however no statistically significant results were 

found. A statistically significant result was only found for female factor infertility and placental 

abruption in the unadjusted analysis. That result did not remain significant after the regression 

model was adjusted for maternal age, neighbourhood income level and smoking status at time 

of admission (Table 5-5).  

Previous studies have found associations between fertility treatment and stillbirth, 21 and 

preeclampsia 22. Additionally, a recent meta-analysis found an association between fertility 

treatment and gestational hypertension and placental abruption.23 Multiple pregnancies among 

women who used fertility treatments to conceive have been found to be associated with an 

increased risk of preeclampsia.24 Since our study only included singleton births it may have 
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reduced the proportion of observed cases of preeclampsia. Conversely, there have been studies 

that found no significant association between fertility treatment and preeclampsia once they 

adjusted for maternal age and parity. 13,25  

Similar to previous studies, we found that the use of fertility treatment was associated with a 

statistically significant increased risk of preterm birth.21,26,27 Relative to spontaneous 

conceptions, the largest increases in risk were found for female factor infertility and preterm 

birth at both less than 37 weeks’ gestation and less than 32 week’s gestation (RR: 1.77 95% CI: 

1.42-2.20; RR: 2.41 95% CI: 1.52-3.81 respectively). Future studies should investigate gestational 

age by week at time of birth, as opposed to categorizing births into a preterm or term birth. This 

would help determine whether there were a higher proportion of births achieved through 

fertility treatment that occurred at a variety of gestational ages as there would be different 

clinical implications for births at each gestational age (i.e., 33 weeks’ gestation compared to 36 

weeks’ gestation). Previous studies have documented that the clinical management of ART 

pregnancies differs compared to spontaneous conceptions, which may lead to preterm 

deliveries.28 

The factors linking infertility to placental-mediated adverse outcomes have not been 

conclusively determined and reported in the literature. We had hypothesized that the hormonal 

and/or structural factors associated with female factor infertility may have affected the 

implantation and development of the placenta, leading to an increased risk of the primary 

outcome. The results of studies investigating differences among type of infertility and placental-

mediated adverse outcomes have varied.29 Some studies have found an increased association 

between unexplained infertility and IUGR, but no association with any other placental-mediated 

adverse outcome 29. Palomba et al.,30 found that women with polycystic ovary syndrome have 

an increased risk of placental-mediated adverse outcomes. However, this study found no 

differences between the different types of infertility and the primary and secondary outcomes 

(Table 5-5 and Table 5-7). 

Strengths and Limitations 

This study was strengthened by the large number of patients in these databases along with the 

detailed variables which enabled the investigation of this question. Secondly, the 

comprehensive CARTR Plus database allowed for definitive classification of women who used 



 

69 

 

IVF, FET or frozen oocyte IVF to assist with conception. Additionally, these results can be 

generalized for the population of Ontario, Canada, as all available births from Ontario were 

included in this cohort. Selection bias was not present in this study, due to the inclusion of all 

births due to spontaneous conception and IVF treatment in Ontario. Nevertheless, this study 

was potentially affected by misclassification of the exposure and/or outcome variables, a data 

quality issue that plagues studies that use administrative data. This study used comprehensive 

administrative data; however it was the first time that these outcomes were investigated. The 

prevalence rate of the primary outcomes when compared to the literature suggested that there 

may be underreporting. If misclassification bias existed in this study it was most likely non-

differential, but it may underestimate the effect of the exposure. However, this study did 

supplement CIHI data for one Ontario hospital. A future study will investigate these outcomes 

using a combination of BORN and CIHI outcome information, in order to better capture the 

desired information. Additionally, this study may have benefited from adjusting for parity in 

addition to maternal age, neighbourhood income level and smoking in the regression models. 

5.8  Conclusions 

This study found no statistically significant association between type of conception or type of 

infertility and preeclampsia, stillbirth, placental abruption or SGA after adjusting for 

confounders; yet an increased associated persisted for preterm birth. Although this was a large 

population-based cohort study, it would benefit from the births associated with a greater 

number of years of fertility data. 
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5.10 Figures and tables 

 

 

 

 

 

 

 

 

 

 

Figure 5-1 Flow diagram of study cohort 

 

 

Figure 5-2 Development of birth cohort 
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Table 5-1 Frequencies and proportions of type of infertility for the study cohort 

 

Type of infertility Frequency Percent 
 Spontaneous conception 199114  99.32 
 Male factor 407 0.20 

 Female factor* 673 0.34 

 Ovulation disorders 343 50.97 
 Tubal infertility 286 42.50 
 Uterine or cervical causes 51 7.58 
 Other female factor 85 12.63 
 Unexplained 279 0.14 

 Notes: 

   *Different types of female factor infertility are not mutually exclusive 
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Table 5-2 Descriptive characteristics for the study cohort 

 

Type of infertility 

Male factor Female factor Unexplained p-value Spontaneous 
conception 

Total p-value 

Maternal age at birth              

<35 210 (51.60) 274 (40.71) 108 (38.71) <0.01 155394 (78.06) 155394 <0.01 

35-39 166 (40.79) 273 (40.56) 140 (50.18)  35780 (17.97) 35780   

40+ 31 (7.62) 126 (18.72) 31 (11.11)  7908 (3.97) 7908   

Smoking at time of admission              

None 385 (99.23) 610 (99.03) 250 (99.60) 0.67 173067 (91.39) 173067 <0.01 

Smoked S 6 (0.97) S  16313 (8.61) 16323   

Neighbourhood income level              

Lowest quintile  23 (5.65) 47 (7.01) 11 (3.99) 0.57 28566 (14.44) 28647 <0.01 

Medium-low quintile  34 (8.35) 55 (8.21) 28 (10.14)  29193 (14.76) 29193   

Middle quintile  60 (14.74) 86 (12.84) 28 (10.14)  35080 (17.74) 35080   

Medium-high quintile  81 (19.9) 146 (21.79) 64 (23.19)  37442 (18.93) 37442   

Highest quintile  129 (31.7) 198 (29.55) 91 (32.97)  37686 (19.05) 37686   

Missing 80 (19.66) 138 (20.6) 54 (19.57)  29830 (15.08) 29830   

Parity              

Nulliparous 276 (68.15) 445 (66.52) 184 (65.95) 0.99 84178 (42.3) 84178 <0.01 

Multiparous 125 (30.86) 203 (30.34) 85 (30.47)  111308 (55.93) 111308   

Hospital LOC              

Neonatal Level I 26 (6.39) 27 (4.01) 11 (3.94) <0.05 22761 (11.43) 22761 <0.01 

Neonatal Level IIa 42 (10.32) 33 (4.9) 14 (5.02)  21936 (11.02) 21936   

Neonatal Level IIb 84 (20.64) 158 (23.48) 70 (25.09)  49496 (24.86) 49496   

Neonatal Level IIc 143 (35.14) 236 (35.07) 95 (34.05)  66357 (33.33) 66357   

Neonatal Level IIIa/IIIb 105 (25.8) 209 (31.05) 82 (29.39)  32830 (16.49) 32830   

Type of birth              
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Assisted Vaginal 48 (11.79) 98 (14.56) 36 (12.9) 0.18 17649 (8.86) 17831 <0.01 

Induced or Spontaneous 
Labour Cesarean Section 78 (19.16) 136 (20.21) 60 (21.51) 

 
25038 (12.58) 

25312 
  

No Labour - Cesarean Section 72 (17.69) 145 (21.55) 46 (16.49)  27480 (13.8) 27480   

Spontaneous Vaginal 209 (51.35) 294 (43.68) 137 (49.1)  128922 (64.76) 128922   

Type of Cesarean section              

Unplanned 78 (52.7) 142 (50.71) 56 (53.33) 0.87 23920 (45.56) 23920 <0.05 

Planned 70 (47.3) 138 (49.29) 49 (46.67)  28578 (54.44) 28578   

Maternal health condition              

None 275 (72.75) 383 (63.20) 185 (74.00) <0.01 151576 (81.19) 151576 <0.01 

Previous health condition 103 (27.25) 223 (36.80) 65 (26.00)  35125 (18.81) 35125   

Notes: 

   

 

   S Suppressed cells when cell count <6 
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Table 5-3 Descriptive characteristics for women in the study cohort that used IVF, FET or frozen oocyte IVF to conceive 

  Type of infertility 

Male factor Female factor Unexplained Total p-value 

Ovarian stimulation           

Agonist 88 (38.6) 129 (36.44) 63 (38.41) 280 0.84 

Antagonist 140 (61.4) 225 (63.56) 101 (61.59) 466   

Type of fertility treatment            

IVF 228 (56.02) 361 (53.64) 164 (58.78) 753 0.59 

Transfer day           

Day-3 74 (32.89) 138 (40.12) 53 (32.92) 265 0.13 

Day-5 151 (67.11) 206 (59.88) 108 (67.08) 108   

FET 178 (43.73) 308 (45.77) 114 (40.86) 600   

Embryo stage at thaw           

Cleavage stage 27 (15.17) 57 (18.51) 14 (12.28) 98 0.27 

Blastocyst stage 150 (84.27) 249 (80.84) 100 (87.72) 499  0.22 

Frozen oocyte IVF S S S 6 0.32 

Embryo cryopreservation 
method           

Slow freezing 48 (29.63) 77 (31.82) 36 (25.53) 161 0.43 

Vitrification 114 (70.37) 165 (68.18) 105 (74.47) 384   

Method of insemination           

Conventional IVF only 8 (2.48) 141 (26.06) 58 (26.48) 207 <0.01 

ICSI only 298 (92.55) 343 (63.40) 127 (57.99) 768   

Conventional IVF and ICSI 16 (4.97) 57 (10.54) 34 (15.53) 107   

Notes: 

     S Suppressed cells when cell count <6 
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Table 5-4 Frequency and proportions of the primary and secondary outcomes with type of infertility 

  Primary outcomes Secondary outcomes 

Type of infertility Composite  Preeclampsia Placental 
abruption 

Stillbirth SGA Birth at <37 
weeks 

Birth at <32 
weeks 

Spontaneous 
conception 
n=199,114 

21391 (10.74) 1436 (0.72) 992 (0.50) 1147 (0.58) 18552 (9.37) 12713 (6.39) 2352 (1.18) 

Male factor 
n=407  

39 (9.58) 4 (0.98) 2 (0.49) 4 (0.98) 33 (8.15) 38 (9.34) 5 (1.23) 

Female factor* 
n=673  

84 (12.48) 9 (1.34) 8 (1.19) 4 (0.59) 66 (9.88) 83 (12.33) 21 (3.12) 

Ovulation disorders 
n=343  

35 (10.20) 4 (1.17) 4 (1.17) 2 (0.58) 26 (7.69) 42 (12.24) 11 (3.21) 

Tubal infertility 
n=286  

40 (13.99) 4 (1.40) 4 (1.40) 3 (1.05) 30 (10.56) 36 (12.59) 10 (3.50) 

Uterine or cervical 
causes 

n=51  

8 (15.69) 1 (1.96) 0 (0) 0 (0) 8 (15.69) 9 (17.65) 2 (3.92) 

Other female factor 
n=85  

13 (15.29) 1 (1.18) 1 (1.18) 0 (0) 12 (14.12) 9 (10.59) 0 (0) 

Unexplained 
n=279 

34 (12.19) 1 (0.36) 1 (0.36) 1 (0.36) 32 (11.47) 30 (10.75) 4 (1.43) 

Notes: 
       *Different types of female factor infertility are not mutually exclusive 
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Table 5-5 Unadjusted and adjusted logistic regression models for type of conception and primary outcomes 

Type of 
conception  

Composite 
 

Preeclampsia 
 

Placental abruption Stillbirth SGA 

RR (95% CI) 
adj. RR (95% 

CI) RR (95% CI) 
adj. RR (95% 

CI) RR (95% CI) 
adj. RR (95% 

CI) RR (95% CI) 
adj. RR (95% 

CI) RR (95% CI) 
adj. RR (95% 

CI) 

Spontaneous  ref ref  ref ref  ref ref ref  ref ref  ref 

IVF, FET or 
Frozen oocyte 
IVF 

1.07 (0.92-

1.24) 

1.11 (0.95-

1.29) 

1.40 (0.83-

2.37) 

1.24 (0.70-

2.18) 

1.74 (0.99-

3.06) 

1.25 (0.62-

2.50) 

1.13 (0.59-

2.17) 

1.22 (0.64-

2.36) 
1.02 (0.87-

1.20) 

1.10 (0.93-

1.31) 

  

Spontaneous ref ref ref ref ref ref ref ref ref ref 

Male factor 
0.89 (0.66-

1.20) 
0.99 (0.73-

1.35) 
1.36 (0.51-

3.62) 
1.41 (0.53-

3.75) 
0.99 (0.25-

3.94) 
0.53 (0.08-

3.77) 
1.71 (0.64-

4.53) 
1.93 (0.73-

5.13) 
0.87 (0.63-

1.21) 
1.00 (0.72-

1.39) 

Female factor 
1.16 (0.95-

1.42) 
1.18 (0.95-

1.46) 
1.85 (0.97-

3.56) 
1.45 (0.69-

3.04) 
2.39 (1.19-

4.76)* 
1.89 (0.85-

4.21) 
1.03 (0.39-

2.75) 
1.06 (0.40-

2.83) 
1.06 (0.84-

1.33) 
1.12 (0.88-

1.43) 

Unexplained 
1.13 (0.83-

1.55) 
1.15 (0.81-

1.63) 
0.50 (0.07-

3.52) 
0.53 (0.08-

3.76) 
0.72 (0.10-

5.09) 
0.80 (0.11-

5.67) 
0.62 (0.09-

4.40) 
0.72 (0.10-

5.10) 
1.22 (0.88-

1.70) 
1.25 (0.87-

1.79) 

Notes: 

* Significant at alpha of <0.05. 

Adjusted for maternal age, neighbourhood income level and smoking status. 

Table 5-6 Unadjusted and adjusted logistic regression models for type of infertility and primary outcomes 

Type of 
infertility  

Composite* Preeclampsia** Placental abruption** Stillbirth*** SGA* 

RR (95% CI) 
Adj. RR (95% 

CI) 
RR (95% CI) Adj. RR (95% 

CI) 
RR (95% CI) Adj. RR (95% 

CI) 
RR (95% CI) Adj. RR (95% 

CI) 
RR (95% CI) Adj. RR (95% 

CI) 

Female 
factor ref ref ref ref ref ref ref ref ref ref 

Male factor 
0.77  

(0.54-1.10) 
0.81  

(0.56-1.17) 
0.73  

(0.23-2.37) 
0.76  

(0.23-2.49) 
0.41  

(0.09-1.94) 
0.45  

(0.09-2.15) 
1.65  

(0.42-6.58) 
1.91  

(0.47-7.77) 
0.82  

(0.55-1.23) 
0.85  

(0.56-1.28) 

Unexplained 
0.98  

(0.67-1.42) 
0.99 

(0.65-1.49) 
0.27  

(0.03-2.11) 
0.29  

(0.04-2.31) 
0.30  

(0.04-2.40) 
0.33  

(0.04-2.68) 
0.60  

(0.07-5.37) 
0.61  

(0.07-5.51) 
1.16  

(0.78-1.73) 
1.13  

(0.73-1.75) 

Notes:   

*Adjusted for maternal age, neighbourhood income level and smoking status. 

**Adjusted for maternal age and neighbourhood income level. 

***Adjusted for maternal age. 
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Table 5-7 Unadjusted and adjusted logistic regression models for type of conception and type of infertility and secondary outcomes 

  

Birth at <37 weeks Birth at <32 weeks 

Unadjusted RR  
(95% CI) 

Adjusted RR  
(95%CI) 

Unadjusted RR  
(95% CI) 

Adjusted RR  
(95%CI) 

Type of conception         

Spontaneous ref ref ref ref 

IVF, FET or Frozen oocyte 
IVF 1.73 (1.49-2.01) 1.64 (1.40-1.93) 1.83 (1.28-2.62) 1.75 (1.19-2.57) 

Type of conception         

Spontaneous ref ref ref ref 

Male factor 1.46 (1.08-1.98) 1.45 (1.06-1.99) 1.04 (0.43-2.49) 0.94 (0.35-2.45) 

Female factor 1.93 (1.58-2.36) 1.77 (1.42-2.20) 2.64 (1.73-4.03) 2.41 (1.52-3.81) 

Unexplained 1.68 (1.20-2.36) 1.69 (1.18-2.41) 1.21 (0.46-3.21) 1.39 (0.52-3.68) 

Type of infertility         

Female factor ref ref ref ref 

Male factor 0.76 (0.53-1.09) 0.79 (0.54-1.17) 0.39 (0.45-1.04) 0.37 (0.13-1.10) 

Unexplained 0.87 (0.59-1.29) 0.94 (0.62-1.43) 0.46 (0.16-1.33) 0.56 (0.19-1.64) 

Notes: 
    Adjusted for maternal age, neighbourhood income level and smoking status. 
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The following supplemental information for Manuscript 3 can be found in Appendix D: 

Supplemental Text D-1  Data sources and preparation 

Supplemental Table D-1 Summary of procedures used to code study variables from the 
Canadian implementation of the International Classification of 
Diseases 

Supplemental Table D-2 Unadjusted logistic regression models for type of infertility and 
primary outcomes when type of insemination was only IVF without 
ICSI 

Supplemental Table D-3 Unadjusted logistic regression models for type of infertility and 
primary outcomes when type of insemination was only IVF with ICSI 

Supplemental Table D-4 Unadjusted logistic regression models for type of conception and type 
of infertility and secondary outcomes when type of insemination was 
only IVF without ICSI 

Supplemental Table D-5 Unadjusted logistic regression models for type of conception and type 
of infertility and secondary outcomes when type of insemination was 
only IVF with ICSI 
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Chapter 6. Discussion 

Assisted reproductive technologies, especially in vitro fertilization, have become the 

predominant method of achieving conception when infertility has been confirmed. The rates of 

the use of fertility treatments vary worldwide;83 however in Canada there were 28,657 fertility 

treatment cycles performed in 2015.15 These treatment cycles resulted in a clinical pregnancy 

rate of 28.7% per cycle start, where clinical pregnancy was defined as clinical intrauterine, 

heterotopic, or ectopic pregnancy.15 The literature suggested that there were statistically 

significant differences in maternal serum screening marker levels among pregnancies that used 

IVF to conceive,6,34,84–97,35 however studies using population-wide data were rare. Similarly, the 

literature suggested that process of using IVF to conceive may increase the risk of a placental-

mediated adverse outcome compared to women who conceived spontaneously.64,81,82 However, 

few studies investigated the effect that the underlying type of infertility has on these placental-

mediated adverse outcomes.  

The overall aim of this dissertation was to evaluate the influence that the use of IVF had on 

important pregnancy and neonatal outcomes with an emphasis on the population of Ontario, 

Canada. In order to accomplish this, I systematically reviewed the existing literature on maternal 

serum screening markers in women using IVF to become pregnant and then conducted two 

quantitative studies that involved analysis of population-based secondary data and focused on: 

1) differences in maternal serum screening markers among IVF pregnancies for all pregnancies 

in Ontario; and 2) the effect of IVF, and the type of infertility among those using IVF, on 

placental-mediated adverse outcomes. 

 

6.1 Summary of research findings 

The first study, titled “Maternal serum screening markers and nuchal translucency 

measurements among in vitro fertilization pregnancies: a systematic review”, published in 

Fertility & Sterility, summarized the existing literature on associations between IVF treatment 

and maternal serum screening marker levels and nuchal translucency thickness up to April 2015. 

Forty cohort and case-control studies, primarily published in the United Kingdom or Europe, 

were included in the synthesis. Six maternal serum screening markers (PAPP-A, AFP, free β-hCG, 
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total hCG, µE3, and DIA) were assessed. The most commonly reported maternal serum 

screening markers were PAPP-A and free β-hCG, reported in 28 and 26 studies respectively. A 

decrease in PAPP-A and an increase in total hCG was consistently reported among pregnancies 

that were conceived through IVF relative to those conceived spontaneously. Amongst the 

studies that investigated FET as a method of fertility treatment (seven studies) the direction of 

the effect estimates were lower among studies that reported PAPP-A and consistently higher 

among studies that reported AFP, as well as higher for nuchal translucency.  

Although we intended to meta-analyze the median MoMs for each maternal serum screening 

marker and nuchal translucency, we were unable to pool effect sizes due to the presence of 

design heterogeneity. We had decided a priori to abstract median maternal serum screening 

marker MoMs from each study. However, studies did not consistently report medians, rather 

there was mixed reporting of results as median MoMs and mean MoMs, without enough 

information available to calculate the median MoM for each maternal serum screening marker. 

Including studies that only reported mean MoMs in a meta-analysis would have led to biased 

results. 

The second study of this dissertation, titled “Comparing maternal serum screening markers 

among IVF and spontaneous conceptions in Ontario through registry data” was designed to 

investigate the accuracy of IVF identification on the prenatal screening record, to compare the 

screening markers in IVF and non-IVF pregnancies in the population of Ontario, and to propose 

updated IVF adjustment factors for the Ontario population. We had information on prenatal 

screening from all prenatal screening labs in the province, as well as comprehensive information 

on the use of IVF from all fertility treatment clinics in Ontario. The sensitivity and specificity was 

95.8% and 98.9% respectively when we compare IVF status on the prenatal screening record to 

CARTR Plus. 

As expected, the mean maternal age was significantly higher among the IVF group compared to 

the non-IVF group. Additionally, the oocyte provider’s mean age was significantly different 

among women who exclusively used autologous oocytes or embryos (µ=34.1 years SD±3.98) as 

compared to donor oocytes or embryos (µ=28.9 years SD±6.52). Throughout the process of 

creating the dataset for this study, documentation of maternal age on the prenatal screening 

record when donor oocytes or embryos were used was investigated. Documentation of donor 
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maternal age often replaced the patient age in order for the algorithm calculating the risk of 

Down syndrome and trisomy 18 to be accurately attained. It would be clearer if the donor 

maternal age was captured separately and the algorithm would use this information if it was 

present and patient maternal age if it was not present. 

Overall, significant differences were found between the identified IVF and non-IVF groups based 

on the prenatal screening requisition information and CARTR Plus information for the ethnicity 

adjusted mean MoMs for AFP, PAPP-A, µE3, first trimester hCG, total hCG, and DIA. Additionally, 

when we applied the proposed adjustment factor to all IVF pregnancies that were identified 

though CARTR Plus we found that the mean adjusted marker MoMs for PAPP-A, total hCG, and 

µE3 were significantly closer to 1.00. 

The third study of this dissertation, titled “The effect of the type of infertility on placental-

mediated adverse outcomes for patients that used IVF” investigated whether there was a 

significant increase in the risk of having preeclampsia, placental abruption, stillbirth or small for 

gestational age babies dependent on the use of IVF and the underlying type of infertility of the 

patient. This was a population-based cohort study that used the CARTR Plus database. The 

analyses performed investigating type of conception and the composite outcome (preeclampsia, 

placental abruption, stillbirth and small for gestational age), as well as each individual primary 

outcome found no statistically significant results. The literature suggested that a significant 

difference would be observed. 64,81,82  

When we investigated the underlying type of infertility with the placental-mediated adverse 

outcomes we only found a significant difference between female factor infertility and placental 

abruption and this was no longer statistically significant after adjustment for confounders. 

However, relative to spontaneous conception, we found that IVF, particularly in response to 

female infertility, was associated with a significantly increased risk of preterm birth (gestational 

age <37 weeks) and very preterm birth (gestational age <32 weeks).  

 

6.2 Strengths and limitations  

Each manuscript contained a strengths and limitation section in Chapters 3 to 5. The section 

below provides information that reflects the dissertation as a whole. 
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The main limitations that were present in Manuscript 1 resulted from an inability to meta-

analyze the results of the studies included in the systematic review, due to inconsistency in how 

studies reported results. Quantitative results were included from 23 of 40 studies, however we 

were unable to group the results and interpret a magnitude of change. Studies varied in the 

metric used to report maternal serum screening marker MoMs (means versus medians). 

Including mean MoMs would have produced results that would be skewed in the direction of 

outliers.  

The major strength of the studies in Manuscript 2 and 3 stem from the use of comprehensive 

databases, which captures IVF records, prenatal screening records, and information on 

placental-mediated adverse outcomes. Therefore these studies were not affected by selection 

bias. Selection bias can result from flawed study design and participant recruitment and can 

occur as result of an unmeasured variable that is associated with both the exposure and the 

outcome98. Selection bias can affect a study’s internal validity (validity of the conclusions drawn 

as they pertain to members of the source population),99 as well as its external validity (the 

validity of inferences as they relate to the general population).99 Therefore, the results from 

Manuscripts 2 and 3 can confidently be generalized for the population of Ontario, Canada. 

However, selection bias may exist in Manuscript 2, since women are self-selecting to have MSS 

performed. Sixty percent of IVF pregnancies in Ontario had MSS, as compared to 70% in the 

general obstetrical population of Ontario.100 Patients that conceived through IVF may be using 

NIPT more often for prenatal screening. Future studies investigating NIPT use among IVF 

pregnancies will be conducted.  

Additionally, since CARTR Plus and the BORN Information System have been deterministically 

linked through a proprietary algorithm which takes into account a number of variables (e.g., 

OHIP number, date of birth, and maternal postal code); it is likely that the exposures and 

outcomes in Manuscript 2 and 3 are appropriately assigned to the correct woman. Furthermore, 

lost to follow-up bias (differential loss to follow-up)101 was not present, due to the complete 

capture of these databases. Most studies that assess adverse pregnancy outcomes do not 

involve study follow-up for extended periods of time. Since the investigated outcomes were 

identified and occurred within a finite period of time (gestation, delivery, and birth), attrition 

due to loss to follow-up was not present in the studies included in Manuscripts 2 and 3.  
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Population-based cohort study designs have limitations that influence the validity of the 

analyses conducted. In perinatal outcomes databases observations can be collected for each 

birth or each pregnancy. However, Manuscript 2 clearly identified the pregnancies that were 

used in the analysis (Supplemental Figure C-1). Similarly, Manuscript 3 clearly defined the births 

that were eligible and included in the study (Figure 5-2). Additionally, it is important to address 

and account for multiple live births or stillbirths from a single pregnancy from the same mother, 

as well as multiple pregnancies recorded in a database from the same mother. Due to difference 

in observed maternal serum screening marker levels in multiple gestation pregnancies, only 

singleton pregnancies were included in the study design for Manuscript 2. Likewise, due to an 

increased prevalence of specific placental-mediated adverse outcomes in multiple gestation 

pregnancies and births102,103 only singleton births were included in the study for Manuscript 3.  

It has been shown that in Canada the preterm birth rate among live births is significantly higher 

among IVF conceptions with autologous oocytes (28.4%) compared to all live births in the 

general obstetrical population (7.7%);104 and this difference remains among singleton live births 

(14.5% and 6.2% respectively).104 Although there has been a dramatic decrease in the proportion 

of multiple pregnancies resulting from ART in Canada15 it would be beneficial to investigate the 

associated risk of placental-mediated adverse outcomes among multiple gestation pregnancies, 

since the rate of multiple gestation pregnancies remains higher in this population compared to 

pregnancies achieved through spontaneous conception.105  

Although comprehensive population-level databases were used for the studies in Manuscripts 2 

and 3, they are administrative databases. These databases contain variables that were collected 

for other purposes rather than for study design, inclusion or analysis. In Manuscript 2, 

misclassification of IVF status on the prenatal screening record can lead to false-positives or 

false-negatives. MSS markers are used in prenatal screening to assess the risk of fetal 

aneuploidies. Due to inherent difference among pregnancies that used IVF to assist with 

conception an adjustment factor is applied. However, if there were flaws in identifying whether 

IVF was used, adjustment factors may be inappropriately applied or not applied. A high false-

positive rate will result in the application of the IVF adjustment, which will incorrectly modify a 

patient’s assessed risk for a fetal aneuploidy. These patients may not have the appropriate test 

performed to investigate an increased assessed. Conversely, patients that are documented as 

spontaneous conceptions, but are actually IVF conceptions (false-negatives) may unnecessarily 
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have invasive testing (amniocentesis or Chorionic Villus Sampling) performed. These invasive 

tests put the fetus at an increased risk for an adverse pregnancy outcome (miscarriage rate: 

amniocentesis 0.01-0.5%; Chorionic Villus Sampling 1%).21   

When the pregnancies and births were selected based on measurements or responses in CARTR 

Plus or the BORN Information System, selection bias may occur due to misclassification and 

information bias that exist due to how these data were collected.106 Since the information on 

these placental-mediated adverse outcomes were documented for reasons other than clinical 

research there was the possibility of misclassification bias. Misclassification may occur during 

the process of entering and coding data in large databases, as well as through the presence of 

fully or partially duplicated data.  Manuscript 3 suggested that data quality issues persisted with 

the documentation of placental-mediated adverse outcomes, since the prevalence rates were 

lower than expected (e.g., preeclampsia).  

Moreover, there were competing risks for earlier adverse outcomes for some of the placental-

mediated outcomes used in the primary analysis, as well as the secondary outcome (preterm 

birth). For example, an infant cannot be considered small for gestational age if stillbirth has 

occurred. Nevertheless, this study adds to the current literature on IVF use and the risk for 

placental-mediated adverse outcomes and questions the positive associations that were 

previously found. 

Additionally, although attempts were made to define the placental-mediated adverse outcomes 

analyzed in Manuscript 3 in the same manner, variations may persist between outcomes 

identified through the BORN Information System compared to those identified through the 

Canadian Institute for Health Information Discharge Abstract Database. Preeclampsia was 

defined as gestational (pregnancy-induced) hypertension with significant proteinuria or 

eclampsia (ensuring that all preeclampsia cases were captured). Placental abruption was defined 

as premature separation of placenta (abruption placentae)). Live birth and stillbirth information 

was ascertained by linking the Discharge Abstract Database (DAD) and the maternal abstracts 

(99.1% of records were linked). These records were then linked to BORN-CIHI mapping file. This 

file was generated using a complicated probabilistic linkage.107  

A final limitation that plagues studies in perinatal epidemiology is the missing information 

regarding pregnancy loss prior to 20 weeks’ gestation in perinatal databases. Although the 
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CARTR Plus database did capture early fetal loss, the completeness of capturing this information 

has never been evaluated. The issue with not having comprehensive information on early fetal 

loss is that these cases are more likely to have been later documented as an adverse perinatal 

outcome.108 If this occurs we are underestimating the prevalence of these adverse perinatal 

outcomes. 

 

6.3 Implications for future research and public health 

As the use of IVF has increased among countries around the world so too has the scientific and 

medical research on its risks and benefits. Although randomized clinical trials are the gold 

standard of research they are rare when investigating maternal serum screening markers or 

placental-mediated adverse outcomes among an IVF population. Rather, observational studies 

are most commonly conducted. Given the rare nature of the exposure (IVF) and outcomes 

discussed in this dissertation, the use of administrative databases to conduct population-level 

retrospective cohort studies was appropriate. Previously in Canada population-based studies of 

IVF conceptions in relation to perinatal outcomes were not possible. The studies presented in 

Chapters 4 and 5 continue to inform on associations of risk of these adverse outcomes, as well 

as describing the completeness and appropriateness of these data. Specifically the studies that 

were performed using the CARTR Plus database were among the first using these data for 

research.  

Currently, prenatal screening labs are using population multiple of the median from other 

populations to assess a woman’s risk of having Down syndrome or trisomy 18. Using metrics 

from a different population may affect the screening results. Different regions use varied 

adjustment factors for a variety of characteristics for specific maternal serum screening markers. 

Given these variations, the population multiple of the median that is currently used in practice 

may not be appropriate. Once the results from Manuscript 2 are published, prenatal screening 

labs in Ontario can use population multiple of the median from an Ontario population.  

Additionally, modifications of the adjustment factors for specific maternal serum screening 

markers for IVF used in the algorithm will also generate more appropriate results for the IVF 

population in Ontario; thereby decreasing the false positive and false negative rate for this 
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population. Since approximately two-thirds of pregnant women in Ontario undergo prenatal 

screening this would have a substantial effect.100 The use of NIPT among IVF patients in this 

same population is the next logical analysis. Currently, I have commenced analyses to 

investigate differences in NIPT results among IVF patients and spontaneous conceptions for all 

NIPT users in Ontario. The results of this study will further the knowledge on prenatal screening 

among IVF patients in Canada. 

Since the prevalence of placental-mediated adverse outcomes was lower than expected, a 

future study that confirms the results from the study presented in Manuscript 3 should ideally 

be performed. This study would be prospective and would also examine the placenta of women 

who used IVF to conceive or conceived spontaneously. The clinical analysis of the placenta 

would allow further investigation into the role of the placenta among women who use IVF and 

have placental-mediated adverse outcomes. Unfortunately, the cost associated with conducting 

this study at a population level would be substantial, since the exposures and outcomes are rare 

and a large sample would be required. 

Manuscript 3 found statistically significant differences in maternal age and neighbourhood 

income level. Women who used fertility treatment to conceive had a higher maternal age and a 

higher neighbourhood income level. Over the next few years the disparities in income may be 

reduced. In December 2015, Ontario began publically funding a portion of IVF cycles 

performed.109 This was to assist with the large financial burden that patients have when using 

IVF to conceive. In Ontario, the cost of an uninsured IVF treatment cycle ranges from $7,000 to 

$11,000.109 Changes to the socio-demographic characteristics of patients conceiving through IVF 

will modify the population that are used in these studies. 

Finally, it important that the results from the manuscripts contained within this PhD dissertation 

are disseminated to the appropriate people and groups in Ontario. This is essential in order 

encourage policy change and to facilitate clinical practice change. Once Manuscript 2 is 

published in a peer-reviewed journal the results will be discussed with the prenatal screening 

chemistry group which is supported by BORN Ontario. This group consists of prenatal screening 

lab directors and charge technicians at the serum screening labs in Ontario. Additionally, once 

the results are published there will need to be coordination with the directors of the 

biochemistry labs to approach software vendors about updating the IVF adjustment factors used 
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in the algorithm to determine the risk for Down syndrome and trisomy 18. These results will also 

be presented at various genetics education rounds, many of which are broadcast to multiple 

centres via the Ontario Telemedicine Network. 

Similarly, it is important that the results from Manuscript 3 are distributed to the fertility 

treatment community (e.g., reproductive endocrinology and infertility specialists, lab directors, 

maternal fetal medicine specialists). Once the study results are published in a peer-reviewed 

journal the findings can be presented at the Canadian Fertility and Andrology Society meeting, 

where there are attendees from all of the Canadian fertility treatment centres. These results will 

also be distributed through obstetrics and gynecology grand rounds.  

 

6.4 Final conclusions 

This doctoral dissertation adds strong studies to the current literature investigating the use of 

IVF to conceive and its effect on: 1) maternal serum screening markers; and 2) placental-

mediated adverse outcomes. Through a systematic review of the literature and two population-

based analyses of secondary data, I have demonstrated that using IVF to conceive has an effect 

on pregnancy and birth outcomes, but it may not have significant effect on all outcomes. The 

results of the systematic review showed that using IVF to assist with conception produced 

substantial increased effect estimate in total hCG and a decreased effect estimate in PAPP-A as 

compared to women who conceived spontaneously. Moreover, the inconsistency of reporting 

median maternal serum marker MoMs throughout the literature was a cause for concern and 

did permit pooling of the effect estimates. Nevertheless, since maternal serum screening marker 

MoMs reflect the population from which they were obtained it was pertinent to perform the 

analyses contained in Manuscript 2. Investigating the maternal serum screening markers in 

Ontario, Canada, using population-level data generated results that can be used for future 

analyses within this population. These results can be used to better estimate the population 

median for each maternal screening marker for Ontario. As well, the application of the proposed 

adjustment factors would produce more reliable results for patients who used IVF to conceive. 

These two changes may create more accurate risk estimates for Down syndrome and trisomy 18 

among the IVF population in Ontario.  
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The etiology for the type of infertility varies for male factor infertility, female factor infertility 

and unexplained infertility and may be multifactorial for each type of infertility. Among the 

primary outcomes, Manuscript 3 only found significant associations between female factor 

infertility and placental abruption in the unadjusted model. Therefore, our results demonstrated 

that there were not significant negative effects associated with IVF use for assisted conception. 

Although we found significant associations between all types of infertility and preterm birth 

(secondary outcome) this may be due to different management of clinical care for patients who 

used IVF. 

These results are extremely meaningful, as the frequency with which patients are using IVF to 

conceive in Canada is on the rise. It is important that well-planned studies using Canada’s own 

data are used to inform clinical health decisions and health policy decisions in Canada. The 

studies in this doctoral dissertation are among the first studies to be conducted using the CARTR 

Plus database.  
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The expiry date of REB approval for initial study applications that require modifications will be as 

follows: 

• If the initial feedback was sent on or before the 15th of the month, the expiry date will be the 15th 
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APPENDIX B: Supplemental information for Manuscript 1 

 

Supplemental Text B-1 Primary search strategy  

 

The primary search strategy was developed using Ovid MEDLINE, Embase and COCHRANE databases. 

Appropriate articles were chosen using medical subject headings (MeSH) and text words (tw). 

  

Database: Embase Classic+Embase <1947 to 2015 April 08>, Ovid MEDLINE(R) In-Process & Other Non-

Indexed Citations and Ovid MEDLINE(R) <1946 to Present> 

Search Strategy:  April 9, 2015 

-------------------------------------------------------------------------------- 

1     maternal serum screening tests/ (209) 

2     ((maternal or prenatal) adj3 serum adj5 screen$).tw. (2426) 

3     ((maternal or prenatal) adj3 blood adj5 screen$).tw. (144) 

4     alpha-Fetoproteins/bl, an (7917) 

5     Pregnancy-Associated Plasma Protein-A/ (3363) 

6     (papp a or papp alpha or pregnancy associated plasma protein a or pappalysin 1).tw. (3630) 

7     (alphafetoprotein$ or alpha-Fetoprotein$ or afp).tw. (42310) 

8     Chorionic Gonadotropin, beta Subunit, Human/bl, an (1820) 

9     (b-hcg or bhcg).tw. (846) 

10     Chorionic Gonadotropin/bl, an (7084) 

11     (human chorionic gonadotropin or hcg).tw. (59567) 

12     exp estriol/ (16774) 

13     (uE3 or free estriol or free oestriol or unconjugated estriol or unconjugated oestriol).tw. (1540) 

14     Nuchal Translucency Measurement/ (2845) 

15     Nuchal Translucen$.tw. (4213) 

16     inhibins/ (9739) 

17     inhibin$ a.tw. (2324) 

18     or/1-17 (134980) 

19     exp fertilization in vitro/ or sperm injections, intracytoplasmic/ (75624) 
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20     (in vitro fertil$ or ivf).tw. (62842) 

21     sperm injection$.tw. (13078) 

22     or/19-21 (94404) 

23     18 and 22 (8619) 

24     Pregnancy/ (1323036) 

25     prenatal diagnosis/ (80819) 

26     pregnancy trimester, first/ or pregnancy trimester, second/ (62377) 

27     Fetus/ (247561) 

28     (antenatal$ or prenatal$ or trimester$ or pregnan$ or fetus or foetus or fetal or foetal).tw. 

(1372125) 

29     or/24-28 (1976885) 

30     23 and 29 (6071) 

31     30 use prmz (2525) 

32     *maternal serum screening test/ (105) 

33     ((maternal or prenatal) adj3 serum adj5 screen$).tw. (2426) 

34     ((maternal or prenatal) adj3 blood adj5 screen$).tw. (144) 

35     *alpha fetoprotein blood level/ or *alpha fetoprotein/ (17041) 

36     (alphafetoprotein$ or alpha-Fetoprotein$ or afp).tw. (42310) 

37     *pregnancy associated plasma protein A/ (1723) 

38     (papp a or papp alpha or pregnancy associated plasma protein a or pappalysin 1).tw. (3630) 

39     *chorionic gonadotropin beta subunit/ (3113) 

40     (b-hcg or bhcg).tw. (846) 

41     *chorionic gonadotropin/ (34598) 

42     (human chorionic gonadotropin or hcg).tw. (59567) 

43     estriol/ (16752) 

44     (uE3 or free estriol or free oestriol or unconjugated estriol or unconjugated oestriol).tw. (1540) 

45     *nuchal translucency measurement/ (978) 

46     nuchal translucen$.tw. (4213) 

47     inhibin A/ (1576) 

48     inhibin$ a.tw. (2324) 

49     or/32-48 (138154) 

50     *fertilization in vitro/ (34764) 
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51     *intracytoplasmic sperm injection/ (7064) 

52     (in vitro fertil$ or ivf).tw. (62842) 

53     sperm injection$.tw. (13078) 

54     50 or 51 or 52 or 53 (77604) 

55     49 and 54 (8291) 

56     *pregnancy/ (204266) 

57     *prenatal diagnosis/ (43792) 

58     *first trimester pregnancy/ (8632) 

59     *second trimester pregnancy/ (3778) 

60     *prenatal screening/ (21565) 

61     *fetus/ (63951) 

62     (antenatal$ or prenatal$ or trimester$ or pregnan$ or fetus or foetus or fetal or foetal).tw. 

(1372125) 

63     or/56-62 (1429236) 

64     55 and 63 (5440) 

65     64 use emczd (3458) 

66     31 or 65 (5983) 

67     remove duplicates from 66 (4269) 

68     67 use prmz (2508) 

69     67 use emczd (1761) 

 

Database: EBM Reviews - Cochrane Central Register of Controlled Trials <March 2015> 

Search Strategy: April 9, 2015 

-------------------------------------------------------------------------------- 

1     maternal serum screening tests/ (0) 

2     ((maternal or prenatal) adj3 serum adj5 screen$).tw,hw. (15) 

3     ((maternal or prenatal) adj3 blood adj5 screen$).tw,hw. (3) 

4     alpha-Fetoproteins/bl, an (3) 

5     Pregnancy-Associated Plasma Protein-A/ (15) 

6     (papp a or papp alpha or pregnancy associated plasma protein a or pappalysin 1).tw,hw. (42) 

7     (alphafetoprotein$ or alpha-Fetoprotein$ or afp).tw,hw. (354) 

8     Chorionic Gonadotropin, beta Subunit, Human/bl, an (0) 
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9     (b-hcg or bhcg).tw,hw. (18) 

10     Chorionic Gonadotropin/bl, an (7) 

11     (human chorionic gonadotropin or hcg).tw,hw. (1403) 

12     exp estriol/ (195) 

13     (uE3 or free estriol or free oestriol or unconjugated estriol or unconjugated oestriol).tw,hw. (16) 

14     Nuchal Translucency Measurement/ (9) 

15     Nuchal Translucen$.tw,hw. (17) 

16     inhibins/ (85) 

17     inhibin$ a.tw,hw. (174) 

18     or/1-17 (2123) 

19     exp fertilization in vitro/ or sperm injections, intracytoplasmic/ (1618) 

20     (in vitro fertil$ or ivf).tw,hw. (3116) 

21     sperm injection$.tw,hw. (918) 

22     or/19-21 (3539) 

23     18 and 22 (637) 

24     Pregnancy/ (15093) 

25     prenatal diagnosis/ (140) 

26     pregnancy trimester, first/ or pregnancy trimester, second/ (923) 

27     Fetus/ (281) 

28     (antenatal$ or prenatal$ or trimester$ or pregnan$ or fetus or foetus or fetal or foetal).tw,hw. 

(25968) 

29     or/24-28 (25968) 

30     23 and 29 (491) 
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Supplemental Table B-1 General characteristics of the 40 included studies 
First author and year of 

publication 
Study design Location of study Number of subjects Newcastle-Ottawa 

Scale* 

Anckaert, 2008
14

 Cohort Beligium 4,341 6 

Ball, 2013
15

 Cohort UK and Denmark 153,369 7 

Ball, 2012
16

 Cohort UK 26,213 8 

Bar-Hava, 2001
17

 Case-control Israel 140 7 

Bellver, 2005
18

 Cohort Spain 1,054 7 

Bellver, 2013
19

 Cohort Spain 4,053 8 

Bender, 2010
20

 Cohort Germany 1782 7 

Bersinger, 2001
21

 Cohort Switzerland 93 7 

Bersinger, 2004
22

 Case-control Switzerland 176 7 

Bersinger, 2005
23

 Case-control Switzerland 252 7 

Bredaki, 2011
24

 Cohort London, UK 1,500 8 

Cowans, 2013
25

 Cohort England 205,341 7 

Engels, 2010
9
 Case-control Amsterdam 1,559 9 

Engels, 2013
26

 Cohort Amsterdam 20,190 8 

Frishman, 1997
27

 Cohort Providence, USA 69 7 

Ghisoni, 2003
28

 Case-control Milan, Italy 571 8 

Giorgetti, 2013
29

 Cohort Marseille 1,848 7 

Gjerris, 2009
30

 Cohort Denmark 3,543 7 

Heinonen, 1996
31

 Cohort Kuopio, Finland 4,976 7 

Hui, 2003
32

 Cohort China 17,446 4 
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Hui, 2005
33

 Cohort China 16,935 6 

Hui, 2005
34

 Case-control China 550 7 

Kagan, 2008
35

 Cohort England 97,294 6 

Lam, 1999
36

 Cohort England 2,865 7 

Lambert-Messerlian, 
2006

10
 

Cohort China 38,032 7 

Lambert-Messerlian, 
2009

37
 

Cohort US and Canada 15,363 9 

Liao, 2001
38

 Cohort US 1,453 5 

Matilainen, 2011
39

 Case-control UK 24,959 8 

Maymon, 2002
40

 Cohort Finland 356 7 

Maymon, 2004
41

 Cohort Israel 1,880 7 

Muller, 2003
42

 Cohort Israel 22,529 6 

Niemimaa, 2001
43

 Cohort France 4,314 6 

Orlandi, 2002
44

 Case-control Italy 444 4 

Raty, 2002
45

 Cohort Finland 6,664 7 

Ribbert, 1996
46

 Cohort Netherlands 4,799 8 

Rice, 2005
47

 Case-control British Columbia, Canada 684 7 

Tul, 2006
48

 Case-control Slovenia 1,098 4 

Wald, 1999
49

 Case-control London, UK 906 5 

Wojdemann, 2001
50

 Cohort Copenhagen 3,073 6 

Amor, 2009
51

 Cohort Victoria, Australia 51,992 7 

* Newcastle Ottawa Scale: maximum possible score = 9. 
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Supplemental Table B-2 Exposure and outcome information from the 40 included studies 
 Exposure Outcomes MSS Markers  

First author and 
year of publication 

How was use of 
IVF achieved? 

How were the MSS 
markers and/or 

nuchal translucency 
thickness 

ascertained? 

PAPP-A AFP free beta- 
hCG 

total hCG µE3 DIA NT 
thickness 

Anckaert, 2008
14

 Medical record 

review 

Other electronic 

database 

Yes No Yes Yes No No No 

Ball, 2013
15

 Other Other electronic 

database 

Yes No Yes No No No No 

Ball, 2012
16

 Self-report Other electronic 

database 

Yes No Yes Yes No No No 

Bar-Hava, 2001
17

 Medical record 

review 

Other electronic 

database 

No Yes No Yes Yes No No 

Bellver, 2005
18

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Bellver, 2013
19

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Bender, 2010
20

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No Yes 

Bersinger, 2001
21

 Medical record 

review 

Other Yes No No No No No No 

Bersinger, 2004
22

 Medical record Other Yes No No Yes No No No 
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review 

Bersinger, 2005
23

 Medical record 

review 

Other Yes No No Yes No No No 

Bredaki, 2011
24

 Other electronic 

database 

Other electronic 

database 

No Yes No No No No No 

Cowans, 2013
25

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No No 

Engels, 2010
9
 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No Yes 

Engels, 2013
26

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Frishman, 1997
27

 Other Other electronic 

database 

No Yes No Yes Yes No No 

Ghisoni, 2003
28

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Giorgetti, 2013
29

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Gjerris, 2009
30

 Registry Registry Yes No Yes No No No Yes 

Heinonen, 1996
31

 Other electronic 

database 

Other electronic 

database 

No Yes No Yes No No No 

Hui, 2003
32

 Other Other electronic 

database 

No Yes No Yes No No No 

Hui, 2005
33

 Other electronic Other electronic No No No No No No Yes 
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database database 

Hui, 2005
34

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No No 

Kagan, 2008
35

 Other Other electronic 

database 

Yes No Yes No No No No 

Lam, 1999
36

 Medical record 

review 

Other electronic 

database 

No Yes No Yes No No No 

Lambert-
Messerlian, 2006

10
 

Other electronic 

database 

Other electronic 

database 

Yes Yes Yes Yes Yes Yes Yes 

Lambert-
Messerlian, 2009

37
 

Other electronic 

database 

Other electronic 

database 

Yes No No Yes No No No 

Liao, 2001
38

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No Yes 

Matilainen, 2011
39

 Medical record 

review 

Other electronic 

database 

Yes No Yes No No No Yes 

Maymon, 2002
40

 Medical record 

review 

Medical record 

review 

Yes Yes Yes Yes Yes No Yes 

Maymon, 2004
41

 Medical record 

review 

Other electronic 

database 

Yes Yes No Yes Yes Yes Yes 

Muller, 2003
42

 Other electronic 

database 

Other electronic 

database 

No Yes Yes Yes Yes No No 

Niemimaa, 2001
43

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No No 
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Orlandi, 2002
44

 Other electronic 

database 

Other electronic 

database 

Yes No Yes No No No Yes 

Raty, 2002
45

 Registry Registry No Yes Yes No No No No 

Ribbert, 1996
46

 Other electronic 

database 

Other electronic 

database 

No Yes No Yes No No No 

Rice, 2005
47

 Other electronic 

database 

Other electronic 

database 

No Yes No Yes Yes No No 

Tul, 2006
48

 Other Other electronic 

database 

Yes No Yes No No Yes Yes 

Wald, 1999
49

 Other Other electronic 

database 

No Yes Yes Yes Yes Yes No 

Wojdemann, 
2001

50
 

Other Other electronic 

database 

Yes No Yes No No No Yes 

Amor, 2009
51

 Registry Registry Yes No Yes No No No Yes 
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Supplemental Text B-2 Reprint of published article  
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APPENDIX C: Supplemental information for Manuscript 2 

 
Supplemental Text C-1 Description of data sources and record linkage methodology 
 

Better Outcomes Registry & Network (BORN) Ontario  

BORN Ontario’s database is a web-based maternal child information system that captures all births 

within the province of Ontario.110 This headquarters for the BORN registry  is at the Children’s Hospital 

of Eastern Ontario (CHEO) and they also host the BORN Information System (BIS).110 The BIS contains 

information on prenatal screening, labour, birth, NICU care and congenital anomalies and started 

collecting data in 2012. This registry captures all hospital, home and birth centre births with a 

gestational age of greater or equal to 20 weeks.  

 

Canadian Assisted Reproductive Technologies Register (CARTR) Plus 

Data collection for CARTR Plus commenced on January 1, 2013. It includes data from 35 Canadian 

fertility clinics, of which 18 are located in Ontario. Unique to CARTR Plus is the ability to link data from 

multiple treatment cycles for the same woman. CARTR Plus contains detailed information on fertility 

treatment including treatment cycles, reason for treatment, types of stimulation and treatment 

outcome. CARTR Plus is a dataset contained within the BORN Registry. 

 

Record linkage 

Records from the BORN Information System were deterministically linked to CARTR Plus data using a 

unique identifier. 

 
Cohort description 

Prenatal screening records, captured in the BORN Information System, for samples collected between 

March 13, 2013 and May 27, 2015, which had a valid screening test result were included. Multiple 

pregnancies were removed. An IVF pregnancy flag, based on the prenatal screening record, was added. 

These data were deterministically linked using the Ontario subset of CARTR Plus data using a pregnancy 

ID. A CARTR Plus IVF flag was created. Cycles that used donor oocytes were investigated in order to 

ensure that appropriate maternal age was used in the calculation for the risk assessment for fetal 
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aneuploidies. From the CARTR Plus records, it was determined that there were 18 cases where maternal 

age was ≥45 years when donor cycles were used. Through examination, it was determined that patient 

age was used to determine maternal age when age at time of oocyte retrieval was not available. It was 

also determined that donor age was not as well documented on the prenatal screening record.  

In Ontario, three prenatal screening labs used the same adjustment factors for IVF and one lab uses a 

different adjustment factor in order to correct three MSS markers (PAPP-A, total hCG and µE3). In order 

to develop the proposed adjustment factors for IVF, the appropriate values for the adjustment factors 

were removed. The mean MoM for each MSS marker was determined for all records that were 

identified as an IVF or FET conception using the CARTR Plus dataset. The proposed adjustment factors 

were determined in order to achieved a mean MSS marker MoM as close to 1.00 as possible. A similar 

approach was used proposed adjustment factors for the other MSS markers. 
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Supplemental Figure C-1 Conception cohort of eligible prenatal screens 

 

 
Supplemental Figure C-2 Documented IVF status by the prenatal screening labs compared to CARTR 

Plus 
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Supplemental Table C-1 Comparing the MSS marker MoM for markers with a current PSO IVF adjustment factor 

Notes: 
IVF and FET with own oocytes 
*compares PSO IVF adjusted MoM and no IVF adjusted MoM 
**compares proposed IVF adjusted MoM and no IVF adjusted MoM 

 

  

 
No IVF adjustment PSO IVF adjustment   Proposed IVF adjustment   

Mean ±SD Min Max   Mean ±SD Min Max 
p-

value*   Mean ±SD Min Max 
p-

value** 

PAPP-A 

Ethnicity, 
smoking, 
diabetes 
adjusted MoM 
n=2,205 

IVF and 
FET 1.348 0.901 0.066 

13.62
6 

IVF 
and 
FET 1.226 0.820 0.060 12.400 <.0001 

IVF and 
FET 0.997 0.667 0.049 10.084 <.0001 

  IVF 1.246 0.769 0.143 5.868 IVF 1.134 0.700 0.130 5.340 <.0001 IVF 0.922 0.569 0.106 4.342 <.0001 

  FET 1.385 0.898 0.143 
10.03

3 FET 1.260 0.817 0.130 9.130 <.0001 FET 1.025 0.664 0.106 7.424 <.0001 

Total hCG 

Ethnicity, 
smoking, 
diabetes 
adjusted MoM 
n=2,199 

IVF and 
FET 1.039 0.650 0.035 

11.13
2 

IVF 
and 
FET 1.185 0.741 0.040 12.690 <.0001 

IVF and 
FET 1.008 0.630 0.034 10.798 <.0001 

  IVF 0.996 0.578 0.158 4.912 IVF 1.135 0.658 0.180 5.600 <.0001 IVF 0.966 0.560 0.153 4.765 <.0001 

  FET 1.056 0.646 0.035 8.193 FET 1.204 0.736 0.040 9.340 <.0001 FET 1.025 0.626 0.034 7.947 <.0001 

uE3 

Ethnicity, 
smoking, 
diabetes 
adjusted MoM 
n=2,199 

IVF and 
FET 1.196 0.323 0.043 2.819 

IVF 
and 
FET 1.124 0.304 0.040 2.650 <.0001 

IVF and 
FET 1.005 0.271 0.036 2.368 <.0001 

  IVF 1.117 0.289 0.043 2.287 IVF 1.050 0.272 0.040 2.150 <.0001 IVF 1.005 0.271 0.036 2.368 <.0001 

  FET 1.262 0.337 0.096 2.755 FET 1.186 0.317 0.090 2.590 <.0001 FET 1.060 0.283 0.080 2.314 <.0001 
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Supplemental Table C-2 Comparing the MSS marker and NT MoM for measurements without a current 
PSO IVF adjustment factor 

  

No IVF adjustment Proposed IVF adjustment   

Mean ±SD Min Max   Mean ±SD Min Max p-value* 

AFP 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=2,286 

IVF and 
FET 1.232 1.188 0.210 45.06 

IVF and 
FET 1.010 0.974 0.172 36.949 <.0001 

  

IVF - 
own 

oocytes 1.126 1.566 0.210 45.06 

IVF - 
own 

oocytes 0.923 1.284 0.172 36.949 <.0001 

  

FET - 
own 

oocytes 1.311 0.754 0.410 14.54 

FET - 
own 

oocytes 1.075 0.619 0.336 11.923 <.0001 

FB-hCG 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=100 

IVF and 
FET 1.305 1.033 0.230 7.160 

IVF and 
FET 1.005 0.795 0.177 5.513 <.0001 

  

IVF - 
own 

oocytes 1.063 0.546 0.400 2.900 

IVF - 
own 

oocytes 0.818 0.420 0.308 2.233 <.0001 

  

FET - 
own 

oocytes 1.496 1.282 0.230 7.160 

FET - 
own 

oocytes 1.152 0.987 0.177 5.513 <.0001 

hCG - 1st trimester 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=14 

IVF and 
FET 1.454 0.807 0.510 3.530 

IVF and 
FET 1.003 0.557 0.352 2.436 0.0001 

  

IVF - 
own 

oocytes 1.537 0.833 0.830 3.530 

IVF - 
own 

oocytes 1.060 0.575 0.573 2.436 0.0039 

  

FET - 
own 

oocytes 1.304 0.827 0.510 2.350 

FET - 
own 

oocytes 0.900 0.571 0.352 1.622 0.0625 

DIA 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=149 

IVF and 
FET 1.263 0.655 0.230 4.230 

IVF and 
FET 0.998 0.517 0.182 3.342 <.0001 

  

IVF - 
own 

oocytes 1.207 0.631 0.380 4.230 

IVF - 
own 

oocytes 0.953 0.499 0.300 3.342 <.0001 

  

FET - 
own 

oocytes 1.247 0.638 0.230 3.810 

FET - 
own 

oocytes 0.985 0.504 0.182 3.010 <.0001 

NT measurement 

Ethnicity 
adjusted 
MoM 
n=3,365 

IVF and 
FET 1.057 0.393 0.490 9.290 

IVF and 
FET 1.005 0.373 0.466 8.826 <.0001 

  

IVF - 
own 

oocytes 1.051 0.346 0.490 7.990 

IVF - 
own 

oocytes 0.998 0.329 0.466 7.591 <.0001 
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FET - 
own 

oocytes 1.060 0.427 0.540 9.290 

FET - 
own 

oocytes 1.007 0.405 0.513 8.826 <.0001 

Notes: 
*compares proposed IVF adjusted MoM and no IVF adjusted MoM 
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Supplemental Table C-3 Comparing MSS marker measurements with a current PSO IVF adjustment factor among IVF conceptions stratified by 
insemination method 

 

No IVF adjustment PSO IVF adjustment Proposed IVF adjustment 
 

Mean ±SD Min Max 
 

Mean ±SD Min Max 
 

Mean ±SD Min Max 
p 

value* 

PAPP-A 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=1,512 

Conventional 
IVF 1.390 0.955 0.165 7.945 

Conventional 
IVF 1.265 0.869 0.150 7.230 

Conventional 
IVF 1.028 0.707 0.122 5.879 <.0001 

  ICSI 1.286 0.824 0.143 10.033 ICSI 1.170 0.750 0.130 9.130 ICSI 0.951 0.610 0.106 7.424   

Total hCG 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=1,503 

Conventional 
IVF 1.001 0.709 0.061 8.193 

Conventional 
IVF 1.141 0.808 0.070 9.340 

Conventional 
IVF 0.971 0.688 0.060 7.947 <.0001 

  ICSI 1.029 0.594 0.158 4.535 ICSI 1.173 0.677 0.180 5.170 ICSI 0.998 0.576 0.153 4.399   

uE3 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=1,503 

Conventional 
IVF 1.179 0.327 0.138 2.755 

Conventional 
IVF 1.108 0.308 0.130 2.590 

Conventional 
IVF 0.990 0.275 0.116 2.314 0.0022 

  ICSI 1.191 0.326 0.043 2.638 ICSI 1.119 0.307 0.040 2.480 ICSI 1.000 0.274 0.036 2.216   

Notes:     
IVF and FET with own oocytes     
* comparing IVF and ICSI of proposed IVF adjustment model   
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Supplemental Table C-4 Comparing MSS marker measurements without a current PSO IVF adjustment factor among IVF conceptions stratified 
by insemination method 

  

No IVF adjustment Proposed IVF adjustment   

Mean ±SD Min Max   Mean ±SD Min Max p value* 

AFP   

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=1,569 

Conventional 
IVF 1.276 2.464 0.210 45.06 

Conventional 
IVF 1.047 2.021 0.172 36.949 <.0001 

  ICSI 1.206 0.897 0.360 21.10 ICSI 1.206 0.897 0.360 21.100   

FB-hCG 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=66 

Conventional 
IVF 1.514 0.707 0.540 2.900 

Conventional 
IVF 1.166 0.544 0.416 2.233 0.0869 

  ICSI 1.278 0.866 0.380 5.130 ICSI 0.984 0.667 0.293 3.950   

hCG - 1st trimester 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=13 

Conventional 
IVF 1.120 0.796 0.510 2.020 

Conventional 
IVF 0.773 0.549 0.352 1.394 1.000 

  ICSI 1.587 0.854 0.700 3.530 ICSI 1.095 0.590 0.483 2.436   

DIA 

Ethnicity, 
smoking, 
diabetes 
adjusted 
MoM 
n=101 

Conventional 
IVF 1.176 0.570 0.340 2.520 

Conventional 
IVF 0.929 0.450 0.269 1.991 0.0352 
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  ICSI 1.245 0.642 0.500 4.230 ICSI 0.983 0.507 0.395 3.342   

NT measurement 

Ethnicity 
adjusted 
MoM 
n=2,289 

Conventional 
IVF 1.024 0.265 0.570 3.810 

Conventional 
IVF 0.972 0.251 0.542 3.620 <.0001 

  ICSI 1.066 0.414 0.490 9.290 ICSI 1.012 0.394 0.466 8.826   

Notes:     
IVF and FET with own oocytes     
* comparing IVF and ICSI of proposed IVF adjustment model  
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Supplemental Figures C-3 Histograms of maternal serum screening marker MoM 
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Supplemental Figure C-4 Histograms of proportion of PAPP-A MoM with different IVF adjustment 
factors 
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Supplemental Figure C-5 Histograms of proportion of total hCG MoM with different IVF adjustment 
factors 
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Supplemental Figure C-6 Histograms of proportion of unconjugated estriol MoM with different IVF 
adjustment factors 
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APPENDIX D: Supplemental information for Manuscript 3 

 

Supplemental Text D-1 Data sources and preparation 

 

Better Outcomes Registry & Network (BORN) Ontario  

BORN Ontario’s database is a web-based maternal child information system that captures all births 

within the province of Ontario.110 This headquarters for the BORN registry  is at the Children’s Hospital 

of Eastern Ontario (CHEO) and they also host the BORN Information System (BIS).110 The BIS contains 

information on prenatal screening, labour, birth, NICU care and congenital anomalies. This registry 

captures all hospital, home and birth centre births with a gestational age of greater or equal to 20 

weeks.  

 

Canadian Assisted Reproductive Technologies Register (CARTR) Plus 

Data collection for CARTR Plus commenced on January 1, 2013. It includes data from 35 Canadian 

fertility clinics, of which 18 are located in Ontario. Unique to CARTR Plus is the ability to link data from 

multiple treatment cycles for the same woman. CARTR Plus contains detailed information on fertility 

treatment including treatment cycles, reason for treatment, types of stimulation and success of embryo 

transfer cycles, implantation success, and pregnancy outcome. CARTR Plus is a dataset contained within 

the BORN Registry. 

 

Postal Code Conversion File Plus (PCCF+)111 

The PCCF+ file provides a link between a Canadian postal code and the 2011 census geographic areas. In 

urban areas there is a distinct match between postal code and census geographic areas; however, in 

rural areas a single postal code can overlap with more than one census geographic area. The PCCF+ uses 

random weight assignment to assign a postal code to one of the census geographic areas. This linkage 

then allows for the use of socio-demographic information that can be provided at the neighbourhood-

level from the Canadian Census for specific geographic areas.  
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Canadian Institute for Health Information (CIHI) 

Canadian Institute for Health Information (CIHI) dataset contains information about the health of 

Canadians. An annual dataset of all Ontario maternal and newborn records is sent to BORN Ontario.  

These data include all hospital live births, stillbirths, hospital admissions and deliveries. The maternal 

and newborn records were deterministically linked by maternal-newborn chart number. This linkage 

was performed by BORN Ontario. These data were then used to enhance specific data elements from 

the BORN Information System.  

 

Record linkage 

The CIHI records from 2012 through 2015 were probabilistically linked to records in the BORN 

Information System for at BORN Ontario.107 Ontario Health Insurance (OHIP) number was the first 

identifier used to link these records. Next, infant chart number and hospital code was used; followed by 

maternal OHIP number combined with infant date of birth; and finally maternal hospital chart record, 

hospital code and infant date of birth. The majority of CIHI records linked to records in the BORN 

Information System (98.2%). 

This crosswalk file was then used to link the appropriate CIHI records for one Ontario hospital to the 

appropriate data from the BORN Information System.  

These data were then deterministically linked to the CARTR Plus dataset. 

 

Cohort description 

Fertility treatment records in the CARTR Plus database for IVF, FET and frozen oocyte IVF for embryo 

transfer cycles from January 1, 2013 to December 31, 2013, were deterministically linked to birth 

records (live births and stillbirths) in the BORN Information System (corresponding birth dates: May 21, 

2013 to October 28 2014). Multiple gestation pregnancies, pregnancies from donor oocytes, treatment 

cycles for combined type of infertility and deliveries that occurred outside of Ontario were excluded. 

Additional information was obtained through linking to the CIHI-DAD for one large hospital that was 

missing outcome information in the BORN Information System. 
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Level of Care (LOC) 

A hospital’s level of maternal and newborn care in Ontario is determined by the Ministry of Health and 

Long-Term Care. The levels pertain to the medical services/capacities available on site. A level I site can 

handle low maternal and neonatal risk (no significant maternal risk factors) and a delivery of a baby at a 

gestational age of ≥36 weeks.112 Additionally, a Level Ia site does not have the capacity to provide 

caesarean delivery 24 hours and day, 365 days a year, whereas a Level Ib site does.112 A level II site has 

the capacity for deliveries at a gestational age of ≥32 weeks and can care for uncomplicated dichorionic 

twin pregnancies.112 A level IIc site can handle deliveries at a gestational age of ≥30 weeks that have a 

moderate level of maternal or neonatal risk.112 Finally, a level III hospital can deliver any gestational age 

and manage high risk maternal and neonatal situations and conditions.112  
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Supplemental Table D-1 Summary of procedures used to code study variables from the Canadian 
implementation of the International Classification of Diseases 

Variable Purpose of variable Method of coding 

Preeclampsia Required to identify cases of 
preeclampsia 

All ICD-10-CA codes starting with “O14” and “O15”. 
 

Placental 
abruption 

Required to identify cases of 
placental abruption 

All ICD-10-CA codes starting with “O45”. 
 

Notes: 
ICD-10-CA, Canadian implementation of the International Classification of Diseases, 10th Revision 
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Supplemental Table D-2 Unadjusted logistic regression models for type of infertility and primary outcomes when type of insemination was 
only IVF without ICSI 
 

Type of 
infertility  

Composite Preeclampsia Placental abruption Stillbirth SGA 

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

Female 
factor ref ref ref ref ref 

Male factor -- -- -- -- -- 

Unexplained 
0.85  

(0.40-1.78) 
1.22 

(0.11-13.15) -- -- 
1.02  

(0.47-2.19) 
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Supplemental Table D-3 Unadjusted logistic regression models for type of infertility and primary outcomes when type of insemination was 
only IVF with ICSI 
 

Type of 
infertility  

Composite Preeclampsia Placental abruption Stillbirth SGA 

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

Female 
factor ref ref ref ref ref 

Male factor 
0.85  

(0.53-1.35) 
0.58 

(0.11-3.12) 
0.38 

(0.04-3.67) 
4.60 

(0.52-40.97) 
0.89 

(0.53-1.48) 

Unexplained 
1.14 

(0.66-1.97) -- 
0.90 

(0.09-8.58) 
2.70 

(0.17-42.86) 
1.21 

(0.67-2.20) 
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Supplemental Table D-4 Unadjusted logistic regression models for type of conception and type of 
infertility and secondary outcomes when type of insemination was only IVF without ICSI 
 

  

Birth at <37 weeks Birth at <32 weeks 

RR  
(95% CI) 

RR  
(95% CI) 

Type of infertility 
  
    

Female factor ref ref 

Male factor 1.04 (0.16-6.84) -- 

Unexplained 0.72 (0.28-1.85) -- 
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Supplemental Table D-5 Unadjusted logistic regression models for type of conception and type of 
infertility and secondary outcomes when type of insemination was only IVF with ICSI 
 

  

Birth at <37 weeks Birth at <32 weeks 

RR  
(95% CI) 

RR  
(95% CI) 

Type of infertility 
  
    

Female factor ref ref 

Male factor 0.68 (0.43-1.06) 0.64 (0.22-1.89) 

Unexplained 0.88 (0.51-1.52) 0.90 (0.25-3.27) 
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APPENDIX E: Copyright permission 

 

Manuscript 1: Maternal serum screening markers and nuchal translucency measurements among in 

vitro fertilization pregnancies: a systematic review 

 

https://www.elsevier.com/about/company-information/policies/copyright/personal-use 
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APPENDIX F: Status of manuscript submission 

 

Manuscript 2: Comparing maternal serum screening markers among IVF and spontaneous conceptions 

in Ontario through registry data 

 

Dear Ms. Lanes: 

 

Thank you for sending us your manuscript entitled "Comparing maternal serum screening markers 

among IVF and spontaneous conceptions in Ontario through registry data" which is being considered for 

publication in the Journal of Medical Screening. 

 

Your manuscript ID is JMS-17-009. 

 

We shall contact you again when the manuscript has been reviewed. 

 

Yours sincerely 

Janette Mackie 

Journal of Medical Screening Editorial Office 
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Manuscript 3: The effect of the type of infertility on placental-mediated adverse outcomes for patients 

that used IVF 

 

Dear Ms. Lanes, 

 

Your submission entitled "The effect of the type of infertility on placental-mediated adverse outcomes 

for patients that used IVF" has been received by Fertility and Sterility. 

 

You will be able to check on the progress of your paper by logging on to the Elsevier Editorial System of 

Fertility and Sterility as an author.  The URL is https://ees.elsevier.com/fns/. 

 

Your manuscript will be given a reference number once an Editor has been assigned. 

 

Thank you for submitting your work to this journal. 

 

Sincerely, 

 

Fertility and Sterility Editorial Office 

 

https://ees.elsevier.com/fns/

