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Abstract

The use of assisted reproductive technologies (ART) has increased significantly in recent years. 

While this is partially due to improved access for infertile patients, another contribution to the 

growth of ART utilization is represented by individuals without infertility, who electively chose to 

freeze their gametes and embryos for future use, before ever attempting conception spontaneously.

Overall, the safety of ART for parents and children is well described and the risks are modest. 

However, while long-term health consequences for offspring as postulated by the Developmental 

Origin of Health and Disease (DOHaD) hypothesis are unknown, numerous animal studies suggest 

a predisposition for chronic diseases like hypertension and glucose intolerance.

In this article, we argue that a key difference exists between infertile patients, who need to use 

ART as the only means to achieve pregnancy, and (likely) fertile patients who elect to use ART 

techniques as a family planning option. We believe that the two sets of patients are different and 

their risks benefit ratios are different. We propose that while all patients should be aware of the 

risks, patients planning to utilize ART techniques without a diagnosis of infertility should be 

encouraged to think critically about the additional risks, particularly the “potential” long-term 

risks that may be imposed from these elective procedures.

Assisted reproductive technologies are increasingly used

The use of ART has increased exponentially since the birth of Louise Brown in 1978, the 

first child conceived from IVF. As a striking example, while in the first 4 years since 

Brown’s birth, only 4 children were born following the use of ART1,2, it is estimated that 

almost 8 million children have been conceived with ART since then.3 Further, it is expected 

that 2.4 million procedures will be performed in the coming years and over 500,000 children 

will be born annually from ART.4,3 These numbers are anticipated to grow over the next 

several decades and it is expected that approximately 1 to 3% of the world population will 

be conceived with ART by the year 2100.5

In recent years, there has been a change in the utilization of ART. While in the past (what 

could be called: “ART 1.0”) the diagnosis of infertility was indispensable to start treatment, 

currently, an increasing number of individuals without a formal diagnosis of infertility are 

choosing to utilize ART as a form of family planning (“ART 2.0”). In addition, there is a 

much faster transition to utilize ART after fewer ovulation induction cycles. In fact, the 
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FASTT trial has shown that compared with conventional infertility treatment and when the 

woman is younger than 40 years, an accelerated approach to IVF that starts with clomiphene 

and intrauterine insemination (IUI), but eliminates cycles with gonadotropin and IUI, results 

in a shorter time to pregnancy with fewer treatment cycles, and at a lower cost.6

Individuals who electively plan to use ART are represented in large part by women planning 

to freeze their eggs or couples who want to generate embryos for future use.

Egg freezing is an outstanding opportunity to preserve fertility and it is a welcomed 

additional service to patients.7 Since 2013, oocyte cryopreservation is no longer considered 

experimental by the American Society of Reproductive Medicine.8 As opposed to medically 

indicated oocyte cryopreservation, also referred to as fertility preservation, social 

cryopreservation seeks to address anticipated age-related infertility. Women are increasingly 

using cryopreserved oocytes and a greater number have stated intentions to use such oocytes 

in the future.9

It is surprisingly challenging to estimate the number of women who are currently freezing 

oocytes. In 2016, according to SART data, there were 8825 completed oocyte 

cryopreservation cycles in the United States (an eleven-fold increase since 2009), a number 

that is expected to greatly increase in the future. 10 For women that ultimately decide to use 

their oocytes when their fertility has been impacted, social oocyte cryopreservation is an 

important and effective family building solution.

Another group of patients using ART electively are those who decide to freeze their embryos 

without a history of infertility. This group of patients is distinct from individuals who utilize 

embryo cryopreservation as a necessary procedure to freeze supernumerary embryos. 

Patients performing elective embryo banking may do so because they are aware of the 

decline of fertility with age and they might have competing professional or personal needs.11 

Some couples do so because they have advanced maternal age and would like to have more 

than one child. They might decide to freeze embryos for future use, and then attempt natural 

conception for the “first” child.

Data collection around the intention of oocyte or embryo cryopreservation is limited. It is 

therefore difficult to estimate the number of people pursing elective embryo or oocyte 

cryopreservation. While almost a quarter of ART cycles in the United States are for embryo 

banking, the majority of these cycles are represented by supernumerary embryos or embryos 

frozen following preimplantation genetic screening.12

1. Safety of assisted reproductive technologies

Although all medical interventions have some associated adverse effects, it is appropriately 

assumed that ART technologies are safe (for a review see Feuer and Rinaudo, 2013).13 

Further, for patients carrying a Mendelian disease, conception with ART maybe safer than 

coital conception.

Overall, while short term risks, including obstetrical and neonatal risks have been well 

described, there is a paucity of data that asses the long-term health of ART children or 

children conceived with non-IVF fertility treatment.14,15
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According to the Developmental Origins of Health and Disease (DOHaD) hypothesis, 

embryonic and fetal exposures to non-physiologic conditions (undernutrition or over 

nutrition, presence of toxicants or even embryo culture in vitro ) during this sensitive time of 

development can impact the long-term health of offspring.16 The organism adapts to the 

abnormal conditions encountered during development with the net result that survival is 

possible, but with predisposition to chronic diseases like hypertension, cardiovascular 

disease or glucose intolerance. Epigenetic changes are the biologic mechanism that most 

likely explains this phenomenon. In fact, it is well known that the preimplantation period is a 

time of profound changes in DNA methylation and histone marks.17,18 Embryo culture in 

vitro has been associated with alterations in the expression of imprinted genes and an 

increase in imprinting disorders amongst ART children.19,20

Animal studies have begun to shed light on the biological plausibility of this hypothesis and 

have confirmed the presence of abnormalities in placental and fetal growth. In a study by 

Bloise et al., mice conceived from IVF had larger placentas with less efficient nutrient 

transport compared to spontaneously-conceived blastocysts. Furthermore, IVF concepti were 

smaller than their spontaneously conceived counterparts during early gestation, while 

starting at mid-gestation they showed increased fetal and placental growth with the net result 

that normal weight was achieved at term21. Abnormalities in fetal and neonatal growth have 

also been demonstrated in cattle and sheep conceived from IVF as well.22,23

Importantly, animal studies are particularly useful to analyze the postnatal phenotype (see 

Duranthon, 2018 for an excellent review).22 Given their shorter lifespan, animals offer the 

possibility of assessing the long-term health effects of ART procedures in a reasonable 

amount of time. In classic studies, alterations in anxiety levels and memory were observed in 

adult mice conceived by IVF or cultured during the preimplantation period.24,25 More 

importantly, numerous studies have demonstrated evidence of altered metabolism in adult 

mice as well. Embryo culture was found to be associated with an increased systolic blood 

pressure in mice in several but not all studies.26,27, 21 Our laboratory has found that IVF in 

mice is associated with alterations in offspring growth and glucose homeostasis in 

adulthood.28,29 While there is no evidence that ART affects longevity in mice, it has been 

shown that the combined exposure of IVF and a high fat diet results in a 30% decline in their 

lifespan.27,30

In humans, studies have confirmed poorer obstetric and neonatal outcomes amongst 

pregnancies conceived with ART compared to spontaneously conceived offspring. 31,14,15 

Human data on the long-term outcomes of ART offspring are limited given the young age of 

the majority of ART children 32. However, there are emerging data to suggest that glucose 

tolerance and the potential for cardiovascular disease are altered in children conceived with 

ART. A recently published meta-analysis including ten studies showed a small but 

statistically significant increase in blood pressure of ART offspring compared to naturally 

conceived children.33 More concerning, in a small study, Meister et al. demonstrated a six-

fold increase in the diagnosis of hypertension in ART conceived children compared to age 

matched controls.34 The University of Groningen (Netherlands) is currently following 194 

children conceived from sub-fertile couples by either spontaneous conception, mini-IVF or 

conventional IVF. They have demonstrated that systolic blood pressures are significantly 
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higher in children conceived from conventional IVF compared to mini- IVF at age 4.35 

However, a further follow up in the same cohort of children at age 9 found no differences in 

blood pressure between the groups.36 Belva et al. suggested that IVF children have a lower 

ability to respond to stressful conditions and if a second stressor is added, hypertension 

would occur. As an example of this possibility, Scherrer et al. demonstrated that IVF/ICSI-

children exposed to high-altitude had evidence of pulmonary hypertension and diastolic 

dysfunction while normally conceived children did not.37 Similarly, Chen et al. showed that 

IVF offspring exposed to three days of overfeeding displayed higher systolic blood pressure 

compared to controls.38 Regarding alterations in glucose tolerance, several authors have 

found evidence of insulin resistance in ART children compared to spontaneously conceived 

control32,39. It was also shown that ART children display mild evidence of altered glucose 

tolerance when exposed to overfeeding.38

Some important caveats need to be discussed when analyzing the long-term health data in 

animals and humans.40,41 First, some investigators argue that animal data and models cannot 

be appropriately extrapolated to assess the impact of ART in humans.40,41 For instance, 

there are significant differences in implantation and trophoblast invasion in the murine 

placenta compared to humans.42 It is possible that some of the demonstrated altered effects 

of growth and development in mice conceived by ART may be attributed to the differences 

in how the early murine embryo is established and implants compared to humans embryos.

Second, several obstacles limit adequate assessments of human studies on the impact of 

ART. Examples of such scientific challenges include the ethical limitations of performing 

high quality studies (such as randomized clinical trials) in which the outcome in question 

may negatively impact a child’s health; the heterogeneity in ART interventions and the 

patients receiving them; the rapidly evolving nature of the technology; and finally the 

significant resource expenditure required to perform such studies.43,44

Taken together, evidence from animal models and the limited human data indicate that the 

preimplantation period is a time of reprogramming and therefore ART offspring could be 

potentially more vulnerable to a “second hit” (like unhealthy diets or lack of exercise) and at 

higher risk to develop chronic diseases when adults.

2. The more procedures, the more risks?

Several ART procedures are required to achieve successful conception. For women who 

initially presented for oocyte cryopreservation, at a minimum, six procedures need to be 

completed to achieve pregnancy in the future.

1. Superovulation

2. Oocyte retrieval

3. Oocyte freezing

4. Oocyte thawing

5. ICSI

6. Culture of embryo(s) for 2–3 days with transfer
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However, a patient could choose four additional procedures:

7. Extended culture, to the blastocyst state

8. Embryo biopsy with preimplantation genetic testing

9. Embryo freezing

10. Embryo thawing and transfer (if a euploid embryo is present).

The choice between the “basic” or the “expanded” option is the result of a shared decision 

between the physician and the patient/ couple. The choice is complex, since evidence-based 

data are often missing and different physicians may hold varying opinions. For example, 

currently there is a very active debate on the use and safety of preimplantation genetic 

testing (PGT),45 with some groups supporting the technique and others opposing it.46 It is 

clear that many patients feel strongly about the need of PGT and often request it 47

Particularly relevant to this discussion is that murine models have consistently shown that 

there is a relationship between the invasiveness of ART and the relative impact on offspring. 

For example, culturing embryos in progressively suboptimal conditions will result in an 

increasingly altered gene expression profiles (Figure 1). Importantly, there is an association 

between gene expression changes in the blastocysts and altered glucose tolerance in the 

adult (Figure 2). Similarly, steroid clearance is increased in the placentas of ICSI concepti 

compared to conventional IVF concepti.48 From an epigenetic point of view, the Bartolomei 

group has shown that placental and imprinted gene alterations increase when more 

procedures are performed, with a dose response effect. In particular, there is a progressive 

worsening of placental and epigenetic alterations from murine fetuses exposed to embryo 

transfer alone (low level of intervention), to superovulation + embryo transfer 

(intermediate), to superovulation + IVF + embryo transfer (high level of ART intervention).
49

3. Should Patients using ART without a diagnosis of infertility be informed of the 
potential long-term health effects in offspring?

The guidelines for consenting patients for ART procedures are limited with much of the 

focus on the legal implications of parenthood.50 Informed consent guidelines recommend 

that prior to consent signing, relevant information be explained by a physician and that 

patients have ample opportunities to ask questions and review the information. Furthermore, 

it is important to discuss the chances that a patient may conceive spontaneously without 

ART. In fact, some investigators believe that ART services are overused and that some 

patients using ART could ultimately conceive on their own.51 Information provided to 

patients should then be separated into what is considered part of the standard of care and 

what would be considered experimental.52

The American College of Obstetricians and Gynecologists recommends a thorough 

discussion of the risks of ART including the potential impact on perinatal outcomes. 

Significantly, given limited data, they did not make strict recommendations about reviewing 

the long-term health outcomes of offspring conceived from IVF.53 According to the 

American Society of Reproductive Medicine, “ART patients have the right to self-
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determination and must make the final decision as to what is appropriate and acceptable 

treatment in his or her particular situation.”54 The ESHRE Task Force on Ethics and Law 

acknowledges that the data are limited on outcomes for offspring conceived with ART but 

does not make a strict recommendation on how such information should be disseminated.55

In summary, what strategy should be adopted to consent ART patients?

While all patients should be fully informed prior to commencing ART, we believe that a key 

difference exists between infertile patients, who need to use ART as the only means to 

achieve pregnancy, and (likely) fertile patients who elect to use ART techniques as a family 

planning option.

While the risks of ART are similar for patients seeking ART electively and for those with 

true infertility, we suggest that the potential perinatal and long-term risks to offspring health 

be weighed more heavily amongst patients who choose to pursue ART electively. These are 

patients in whom possible harm to the offspring could be avoided by not using ART 

altogether. The benefits for infertility patients are the increased likelihood of conceiving 

genetically related children and/or carrying their child. For patients seeking care electively, 

ART provides them with a sense of security that they may be able to build their family at 

some point in the future. Elective ART carries the additional risks of pursuing treatment 

without an immediately known outcome, and the potential to expend resources on a 

treatment that may not be necessary if they are fertile. Arguably, there are more risks for 

people seeking elective ART and the different risk-benefit ratio for these patients ought to be 

addressed (Figure 3).

Some have argued that there is a conflict between the possible impact of ART on offspring 

health (non-maleficence) and the right to procreation (reproductive autonomy) for potential 

parents.56,53. While the tension between non-maleficence towards potential children and 

parental autonomy is not limited to the health of ART offspring57, we must be careful not to 

infringe on patients’ procreative rights. One option would be to inform all patients about all 

potential risks. However, the crux of the matter is that the long-term health risks for children 

are only suggested and not shown with certainty. Therefore, it could be argued that 

discussing these risks as part of the informed consent process could create inappropriate and 

unrealistic anxiety. In fact, at least two hypothetical scenarios can be seen:

1. IVF children will have some long-term health problems and the parents were not 

informed of this possibility prior to conception.

2. IVF children will not have long term health problems and parents have been 

informed of potential long-term risk

In the first scenario, offspring of fertile patients who chose to use ART electively may be 

unnecessarily exposed to reproductive technologies, since the parents could have conceived 

spontaneously. In contrast, infertile patients do not have an option to choose, since infertility 

limits conception. The alternative for people with infertility would be not to have children at 

all. In the second scenario, prospective parents would be inappropriately concerned.
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Overall, we believe that the emerging human and animal evidence pointing to a possible 

increase in chronic health conditions in ART children should be discussed with all 

prospective parents, with special emphasis to patients planning to electively use ART. 

Consenting guidelines should be developed by professional societies and funding made 

available for research using animal models and on epidemiological studies on the health of 

ART children.

One approach to addressing the risks of ART on offspring with patients may be to review 

that:

1. ART is elective

2. For many, ART results in the live birth of children that are considered generally 

healthy

3. The long-term impacts of ART are unknown but there are some data to suggests 

that children conceived with ART may be at increased risk for chronic disease

4. Adverse neonatal and childhood outcomes from ART are overall rare and the 

risks for chronic disease may be modified with lifestyle choices, therefore, when 

ART is the only option for conception, the benefits outweigh the risks

4. Conclusion

Global utilization of ART has grown exponentially since the first IVF was performed and 

continued growth is anticipated. With an estimated 8 million people conceived from ART, 

this technology has been appropriately deemed safe. However, a growing body of literature 

suggests that there may be increased risks of perinatal morbidity and long-term health 

consequences for offspring born from ART. Such risks, may need to be more heavily 

considered amongst people seeking elective gamete or embryo cryopreservation or who are 

seeking ART without an infertility diagnosis. Including a discussion about the potential 

long-term outcomes of ART requires balancing the potential impact of such information 

without causing undue anxiety. Given the ever evolving nature of the ART field, it is time to 

address the possibility of long term health complications with all patients, but with particular 

attention to patients choosing ART electively.
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Figure 1. 
(Modified from Feuer et al. 2016) A. Increasing suboptimal culture conditions result in a 

proportional increase in abnormalities of gene expression in blastocysts. Mouse zygotes, 

after spontaneous conception, were flushed out of the uterus and cultured in different media 

with different oxygen concentrations (5% or 20% Oxygen). KAA - potassium simplex 

optimization medium supplemented with amino acids. WM – Whitten’s Medium. B. 
Increasingly abnormal gene expression in murine blastocysts fertilized with different 

techniques. IVF = in vitro fertilization; IVC= in vitro culture (of zygote to the blastocyst 

stage); ICSI= intracytoplasmic sperm injection. All blastocysts were cultured in the same 

condition (WM and 20% oxygen). Of note, in this study the IVC blastocysts have more 

abnormal gene expression than IVF blastocyst. This can be explained because the change of 

environment (from in vivo to in vitro) is more stressful to the embryo than being exposed to 

the same culture conditions for the whole time.
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Figure 2. 
(Data are from Feuer et al 2014 and Donjacour et al, 2014) A. Compared to in vivo flushed 

mouse blastocysts, blastocysts cultured in suboptimal culture medium (WM and 20% O2) 

have a nearly 10 fold increase of misexpressed genes compared to blastocysts cultured using 

an optimal medium (KAA and 5% O2). Of note, the area of the circle is proportional to the 

number of altered genes. B. Table reflecting adult metabolic phenotypes of murine concepti 

cultured in different media conditions. Importantly, mouse offspring cultured in stressful 
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conditions (WM and 20% O2) had more severe alterations of the adult metabolic phenotype 

compared to offspring cultured with optimal medium (KAA 5% and 5%O2).

WM – Whitten’s Medium; KAA - Potassium simplex optimization medium supplemented 

with amino acids; IP GTT: intraperitoneal glucose tolerance test.
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Figure 3. 
The Risks and Benefits of ART for people requiring treatment compared to those using ART 

electively. A. Amongst people with infertility, the benefits of ART (including potential 

successful family building and a known outcome from treatment) greatly outweigh the risks 

to the intended parent and potential offspring. B. For people seeking elective ART, the 

benefits of treatment, namely the avoidance of age related-infertility may be more balanced 

with the risks of ART.
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